Pipelined Asynchronous Circuits by Lines, Andrew Matthew
 		
 

ffflfiffiff "!#
$%#&('*),+ -/.1020*3()4+ 567%()98
:<;
%()>=@?A?CBD('*),E(6782)9&
:A;
%()>=@?A?AF
GIH9JLKCMNH@OPKQJRKTS9UNOKNO"VWMXK#Y[Z9OPKQJR\]V^KQM`_WaROIbdc]UCJRefS9aLO"egO"V,MQJRV@\ihPc]ejelk9V9JLhY*MNJmV@\nKNOopk@O"VWMNJqYrasS9UNc4hPOKNKQOKitvuxwsy{z
Y]K|opk}Y]K~JxZ9O"aqY_JmV@KNO"V@KQJmMNJR]OY]K~_,V9hXH9UXc]V9c]k@KhPJmUXhPksJRMXKP}Y]KQOZc]VMNH9Ohc]efS9JmaqY*MQJLc]V egO"MNH@c,Zc]b|Ł nam
MNH@c*k@\]HH}Y*V9Z hPc]efS9JRaLY*MNJRc]VhY*VY*amY_,K_WJLOPaRZc]S9MQJRegY*aChPJmUXhPksJRMXKMXcYg\c,c,ZZ9OK~JL\]V9OPU<YgUNOK~MNUNJRhPMNOZ Y*Ss
S9UXcY]hXHJRK^KQk@\\]OKQMNOZxHsJLhXHhY*VOY]K~JRaR_JRefS9aLO"egO"V,M|hPJRUNhPk9JmMXK^xJRMQHKQc]ejOK~aqY]hXO"M`IOPOPVJRVsS9k9MXKfY*V9Z
c]k9MQS9k9MXKPGIH@OKQOhPJRUNhPk9JmMXK[Y*UXObY]KQMYrV@ZO"UXKXYrMNJRaRO9ksJRaLZ4JRV@\9aLc,hX,K[bdc]UH9JL\]HsaR_S9JRS1OPamJRV@OPZ Z9OPKQJR\]V@KGIH9O
¡
UXK~MhXH}YrS9MXO"US9UXOPKNO"V,MNKMNH@OJRefS9aLO"egO"VWM¢Y*MQJLc]V£Y*S9SsUXcpY]hXH bdc]U[JmV@ZsJRWJRZsk}Y*a<hPOPaRaRKnGIH@O|KQOhPc]V@ZhXH}Y*SsMXOPU[JRVs
OPKQMNJR\pY*MNOKMNH9OlMNJmegOO"H}Y,JRc]Uc]b#hPc]efS9aLO¥¤ S9JmSO"aRJmV@OZ£hPJRUNhPk9JmMXKP1xJRMQHMNH@Ol\cpY*ac]b{Y]Z9ZsJmV@\K~aqY]hX£xH@OPUNO
V@OhPOKQKXY*UQ_ YrV@Z Y*Z*¦§k@KQMQJRV@\^MQU¢Y*V@K~JLK~MXc]UiK~JL¨OPKxMXcc]S9MQJRefJL¨OMNH@Oc	O"U¢Y*ama©MNH9UNc]k@\]HsS9k9M
ª
 		
 fi«	
¬I­X¬ ®¯Q°|±²Q¯N³±´
¶µ~S9JmSO"aRJmV@O·JLKxYlamJRV@OY*UKQOopk@OPV9hOc]b<9k9¸1OPUXKxH9OPUXOMQH@Oc]k9MQS9k9Mic]bCc]V9O[9k9¸1OPUihPc]V9V@OPhPMXKxMNc|MNH@O[JmV9S9k9M
c]bMQH@OV@O¥¤,M9k9¸1OPUµNG<c]O"V@KN·YrUXOKNOPVWMJmVWMXcjMQH@OJmV9S9k9M[OPV@Z c]bMNH9OlS9JRS1OPamJRV@O*}Y*V@Z ¹9c2ºMQH9UXc*k@\]HOY]hXH
9k9¸1OPUiMXcMNH9Oc*k9MNS9ksMO"V@Z©IGIH@OMNc]O"V@KiUXOPegY*JmVJmV
¡
UXK~MQ7JmVs
¡
UXKQM~`c]ksMtv»¼§»C½zc]UXZsOPU»@c]UiKQ_WV@hXHsUXc]V@c*k@K
S9JRS1OPamJRV@OPK}MNH@O|MNc]O"V@Kk@K~k}Y*aRam_£Y]Zs*Y*V@hPOlMNH9UNc]k@\]Hc*V@O|KQMXY]\O|c*VOY]hXHh"aLc,hX h"_4h"aLO*»@c]UY]KQ_WV@hXHsUXc]V@c*k@K
S9JRS1OPamJRV@OPKIMQH@OPUNOJLKfV@c¾\]aRc]}Y*anhPaRc4hX¿MXcKQ_WV@hXH9UNc]V9JL¨POMNH@O£egc	O"egO"VWMÀ¼7V@K~MXOY]Z©nOY]hXH>MXc*OPVejc	OPK
bdc]UNIY*UNZ Z9c	xV MQH@OS9JRS1OPamJRV@OxH@O"VMNH9OPUXOJLKnY*V£OPefS9M`_hPOPaRa<JmV£bqUNc]VWMc*bJRMx½[MNH9OPUNxJRKNO*}JmMnKQM¢YraRaLKP[tGIH9JLK
H}Y]KO"¤sY]h"MNam_MNH@OKNY*egO1OPH@Y	WJRc]UY]KhY*UNKc]VÁYbqUNOO"Y_z GIH9Osk9¸O"UhY*S}Y*hPJRM`_c]UµQKQaLY]hX,·c]b|YrV
Y]KQ_WV@hXHsUXc]V@c*k@KS9JmSO"aRJmV@OJLK(MNH9OiegYr¤,JRelk9eÂVWk9e|1OPUc]b1MXc]]OPV@K#MNH}YrMhY*VgS@Y]hXOPZgJRVWMXcJRM(xJmMNH@c*k9M{KQM¢YraRaRJmV@\
MNH@OJmV9S9k9MiO"V@Zc]b<MNH@OS9JmSO"aRJRV9O]GIH9O µ§MNH9UNc]k@\]H9Ssk9MX·^JLKMNH@OVWk9e|1OPUic]bCMXc*OPV9KiS1OPUiKQOhPc]V@Z£xHsJLhXHS}Y]KQK
Yf\*JRO"VK~M¢Y]\OJmV£MQH@OSsJRS1OPaRJmV@O]{GIH@O µ~bdc]UQYrUXZ£aLY*MXO"V@hP_,·JLKxMNH9OMQJRejOJRMxM¢YrOK[Yf\*JRO"V£MNc]O"VMXcMNUXYOPa
MNH@OaROPV@\]MQHc]bTMQH@OS9JRS1OPamJRV@O*
¬I­~Ã ÄÅÆ±ÇÁÈÁ±´9ÉnÅÊffi¯N³Ë
ÀKQJmV@\]aROU¢YrJRaÌ9k9¸1OPUH}Y*KIMNH@Ouxw4y¿K~SOPhPJ
¡
hY*MQJLc]VÍ(Î7ÏÐ¥ÑÒ@#ÓK~JRV@\^YlS@Y]KNK~JROSsUXc]MNc4hPc]a1bdc*UnÏ YrV@ZYaqY*¨P_
Y]hPMQJR]OSsUXc]MNc4hPc]a©bdc]UÑl9MQH@O9k9¸1OPUixJRamaH}YOMNH9OH@Y*V@Z9K~H}Y*WJRV@\fO"¤,S}YrV@KQJRc]V¾tÔwsÕ{z¥Ö
×
ÎWÎ7Ï<Ò@ÐÏ©ØÙWÐÂÎ§ÚÏ<Ò@ÐÏ©ØÛWÐÜÎ§ÚÑ[ØPÒ@Ð ÑÙWÐÂÎ7Ñ[Ø¥Ò@Ð ÑÛrÒ@Ý
Ł
GIH@O[O"VW,JmUXc]VsegO"V,MIxJRaRa@S1OPUQbdc]UNe«Í(ÎWÎ§ÚÏ Ø Ò@Ð¥ÏÙWÐ1Î7Ï Ø Ò@Ð¥ÏÛrÒY*V@Z£Í(ÎWÎ7ÑÒ@Ð¥Ñ Ø ÙWÐ1Î§ÚÑÒ@Ð¥Ñ Ø ÛrÒ@#GIH@OIY*JRM
bdc]U£Î7ÏAÒfJRKJmV,MNOPUQS9UXO"MXOZMNclOMNH@OYrUNUNJm*Y*ac*bCY*VJRV9Ssk9MIMNc]O"VA}Y*V@ZMQH@O[MNUXY*V@K~JRMNJRc]VÑÙJRKMNH9O[OP\]JRVsV9JRV@\
c]bMQH@Oc*k9MNS9ksM[MXc*OPV©nnVY*UQU¢Y_c]bMQH@OKQOl9k9¸1OPUNKS9UNOKNO"UN]OKMNH9OlZ9OPKQJRUNOZ »¼§»C½Âc]UXZ9O"UY*V9Z£S9UNc]SO"UNMQJLOK
c]bY^SsJRS1OPaRJmV@O]
Þ[JRUNOhPMCJRefS9aROPejOPVWM¢Y*MQJLc]Vc]b@MQH9JLKTÔw4ÕxJmaRaWUXOPoWksJRUXOIY[KQMXY*MXO]YrUNJqYr9aLO(MXc[ZsJLK~MNJRV9\]k9JLK~HlMQH@O
¡
UNKQMH@Y*aRb9bqUNc]e
MNH@OKQOhPc]V@ZH}Y*amb§9Y*V@ZH@Y]KMXc,c|e|k@hXHKNOPopk@OPV@h"JRV@\^S1OPUih"_4h"aLO*{¼7V9KQMXOY]Z©sJmMJLKk@KQk}YraRaR_1OPMQMXOPUxMNc|UXOPKQHWk9ßfO
MNH@OIY*JmMXKxY*V9ZOPO"VWMXKiMXc|UXOPZsk@hPOMQH@OY*ejc]k9VWMxc*bTKQOopk@O"V@hPJmV@\fY*V@ZMNH@OVWk9elO"Uxc]bCKQMXY*MXO*Y*UQJqY*9aROKPàO
xJLK~H£MNcegYr¤,JRefJL¨POMQH@OMNH9UNc]k@\]H9Ssk9MY*V@ZejJmV9JRefJL¨POnMQH@OaqY*MNOPV@h"_c]bY^SsJRS1OPaRJmV@O]
GIH@O
¡
UXK~MCUNOopk9JmUXOPejOPVWM<bdc]UTYx]YraRJLZUNOK~H,ksßfJmV@\iJLKAMNH}YrMCMQH@O{ÔwsÕ egY*JmV,MXY*JRV[MNH@O#H}Y*V@ZsKQH}Y*WJmV@\nSsUXc]MNc4hPc]aLK
c]VÏjY*V@Z^ÑlGIH}Y*MCJLKPrMQH@O{SsUXc*¦~OPhPMNJRc]V|c*VMQH@OÏghXH@Y*V9V@O"a4JRK#Í(ÎWÎ7ÏAÒ}Ð¢Ï Ø ÙWÐÌÎ~ÚÏAÒ@Ð¥Ï Ø ÛrÒY*V@ZMNH@O#S9UNc*¦~Oh"MNJLc*V
c]V MNH@OjÑáhXH@Y*V9V@O"a{JRK|Í(Î,Î§ÚÑ Ø Ò@Ð¥ÑÙWÐ1Î7Ñ Ø Ò@Ð¥ÑÛrÒ@¼7VY]Z9Z4JRMNJRc]VAMQH@O^VWk9e|1OPUc]bIhPc]efS9aLO"MXOZÏÙjefJRVWk@K
MNH@OVWk9e|1OPU[c]b(hc*ejS9aROPMNOZ ÑÙtMQH@OK~aqY]hXc]bTMNH@O9k9¸1OPU¢zxe|k9KQM[1OY*MaROY]K~Mn¨OPUNc9nGIH9JLKnhc*V@KNO"UNOPKMNH@O
VWk9e|1OPU{c]bÌMXc]]OPV@K#JRVMNH9OiSsJRS1OPaRJmV@O]CaRKNc9pK~JRV@hPOxMNH9JRKJLK#Yµ~9k9¸1OPUN·lYrV@Z^JLK(KQksS9Sc]KNOZfMXcJRVWMNUNc4Z4k@hOxKQc]egO
V@c]V@¨POPUNcKQaqY*hX1TMNH@OÏ Ø Ùelk@KQM|V9c]MlIY*JRMbdc]UMNH@Ojhc]UQUXOK~Sc*V@ZsJRV9\ÜÎ7Ñ Ø Ò}(c*UMQH@OgUXOPKQHWk9ßJRV9\xJRaRa#H}Y]O
¨O"UXcfKQaqY*hX1{GIH9JRKxJLKMNH9O µ~hc]V@K~M¢Y*VWMiUXOPKQS1c]V@KQOMQJRejO·|UXOPopk9JRUNOPejOPVWM
amMNH@c]k9\]HMNH@OPKNOMNH9UNOO^UXOPopk9JRUNOPejOPVWMXKY*UXO^K~k9âfhPJROPVWMMNc\]k}Y*UXY*VWMXOOfYhc*UNUXOPhPMJRefS9aROPejOPVWM¢Y*MQJLc]V©c]V@O
egc*UXOJLKk9KNOPbqksa7[w4c4c*VIOxJRaRa<O¥¤,S}Y*V@ZMQH@OÏY*V@ZÑÂhXH@Y*V9V@O"aLKMNcOPV9hc,Z9O|Z@Y*MXYsn¼7b(IOlOPUNOlMXcjegc	O
MNH@OÑÙS}Y]K~MiMNH@OhPc]UNUNOKQS1c]V@Z4JRV@\jÏ©ØÙWsMNH@Y*MiZ@Y*MXYlIc]ksaLZV@OOPZMNc|OKXY]OZ£JmVJRVWMXO"UNV}YraAKQMXY*MXO*Y*UQJqY*9aROK
S9UXc*Sc]UQMNJRc]V}Y*a1MXc^MNH@OVWk9e|1OPUnc]bC9JmMXKxc]VÑãc]UÏ(¼7MiJLK1OPMQMXO"UnMNcfY	]c]JLZMNH9OY*Z9ZsJRMQJLc]V@Y*a1aLY*MXhXHsJRV@\9
ä
JmO"VMQH@OKQOUNOopk9JmUXOPejOPVWMNK9MNH9OPUXOY*UNOc]V9aR_jV9JRV9O*Y*amJLZUNOKQHWk9ßJmV@\KÖ
åæ4çèÂé
×
ÎWÎ~ÚÑ[Øëê ÏAÒ@Ð ÑÙWÐtWÎ7Ñ[Ø¥Ò@Ð ÑÛ*z"ìtvÏ©ØÙWÐÂÎ§Ú(ÏAÒ@ÐÏ©ØÛ*zQÒ
íî<çèÜé
×
ÎWÎ§ÚÑ[Øïê ÏAÒ}ÐÑÙWÐ Ï©ØÙWÐtpÎ`Ñ[Ø¥Ò@Ð ÑÛ*z¥ìtWÎ§ÚÏ<Ò@ÐÏ©ØÛ*zQÒ
íî<ðèÂé
×
ÎWÎ§ÚÑ
Ø
ê ÏAÒ@ÐÑÙWÐÏ
Ø
ÙWÐÂÎ7Ñ
Ø
Ò@Ð ÑÛWÐÂÎ§ÚÏ<Ò@ÐÏ
Ø
ÛrÒ
ñ î<ðnèÂé
×
ÎWÎ§ÚÑ[Øïê ÏAÒ}ÐÑÙWÐ Ï©ØÙWÐÂÎ7Ñ[Øffiê ÚÏAÒ@ÐÑÛWÐ ÏAØPÛrÒ
èò£é
×
ÎWÎ§ÚÑ
Ø
ê ÏAÒ@Ð ÑÙWÐ Ï
Ø
ÙWÐÂÎ7Ñ
Ø
ê Ú(ÏAÒ@Ð Ï
Ø
ÛWÐ ÑÛrÒ
èóé
×
ÎWÎ§ÚÑ
Ø
ê ÏAÒ@Ð ÑÙWÐ Ï
Ø
ÙWÐÂÎ§ÚÏAÒ@ÐÏ
Ø
ÛWÐÂÎ7Ñ
Ø
Ò@Ð ÑÛrÒ
è[ô é
×
ÎWÎ§ÚÑ[Øëê ÏAÒ@Ð ÑÙWÐ ÏAØÙWÐÂÎ§ÚÏAÒ@ÐtpÎ7Ñ[Ø¢Ò@ÐÑÛ*z¥ì Ï©ØÛrÒ
èõ¾é
×
ÎWÎ§ÚÑ[Øëê ÏAÒ@Ð ÑÙWÐ ÏAØÙWÐÂÎ7Ñ[Ø¢Ò@ÐÑÛWìtWÎ§ÚÏAÒ@ÐÏ©ØÛ*z~Ò
èö£é
×
ÎWÎ§ÚÑ
Ø
ê ÏAÒ@Ð ÑÙWÐ Ï
Ø
ÙWÐÂÎ7Ñ
Ø
ê Ú(ÏAÒ@Ð ÑÛWì Ï
Ø
ÛrÒ
¼7M(M¢Y*]OK#M`IcKQMXY*MXOx*Y*UNJLY*9aROKMNcJmejS9aROPejOPVWMMQH@Oåæ4çèºUNOKQHWk9ßJmV@\9(GIH@O[íî<çèj,èòC,èóWè[ôT,èõ
Y*V@ZèöUXOPKQHWk9ßJRV9\KlYraRaUNOopk9JmUXOc]V@OKQMXY*MXO^*Y*UQJqY*9aRO£÷"øtKQH@c]UQMbdc]UOPV}Yr9aLOzxJmMNH÷"ø<ÛjJmV@KNO"UNMXOPZYrbqMXOPU
Ï
Ø
Ù|Y*V9Z÷"ø<ÙJmV@KNO"UNMNOZO"bdc]UXOMNH9OO"V@Z©
UNOY*VW_¾c]bxMQH@OKQOUXOK~HWk9ßJRV@\K^c*,WJRc]k@KQam_JmV9bdOPUQJLc]U¢ùú»@c]U|MQH9JLKMNH@OPKQJRK|IOY]KQKQk9ejOMNH@Y*MlMQH@O\cpY*a{JLK
bdOPOPUMNU¢YrV@KQJRKQMXc*UXK{Y*V@ZfbY]KQMNOPU{c]S1OPU¢YrMNJLc*VAû_^MQH}Y*M#ejOPMNUQJLh*WJmM#hY*VjOiK~H@c	xVMNH}YrMèô4èõWY*V@ZèöY*UXO
Y*aRIY_,KiJmV9bdOPUQJLc]UIMXcgíî<çèj{GIH@OP_Y*ama©UXOPopk9JRUNOMQH@OKXY*ejOKQMXY*MXO*Y*UNJLY*9aRO]#GIH@O"_S9UXc,Zsk@hPOc*V9aR_Y^K~k9@KNO"M
c]b<MNH@OMNU¢Y*hOc]bíî<çèjWxJRMQHY]Z9ZsJmMNJLc*V}Y*aÌk9V9V@OPhOKQKXY*UQ_YrJRMXKP#GIH@OKQOY*JmMXKxY*Z9ZO"¤,MNUXY|MNU¢YrV@KQJRKQMXc*UXKxY*V9Z
KQaRc2ÁMNH@Oh"JRUXh"k9JRMZ9c	xVA}hc]efS}Y*UNOZMXcjíî<çèj
àH}Y*M|Y*c*k9Mèò¿Y*V@Z¿èóAùüGIH9OP_YrUXOYraLKNc£OPUQ_¾K~JRefJRaqYrUMXcíî<çèjTO"¤4hO"S9M^MNH9OP_ H}YOejc]UXOjKNO"
opk@OPV@h"JRV@\slÔnc2OP]OPUCMQH}Y*MO¥¤4MQU¢YKQOopk@OPV9hPJRV9\£K~JRefS9aRJ
¡
OKiMNH@O|SsUXc,Zsk@hPMQJLc]VUQk9aLObdc]Ug÷"ø<ÙMXc ÚÑáý ÷"ø<Ù
JRV@K~MXOY]Z c]b{ÚÑêÚÏ
Ø
ý ÷"ø<ÙW}JmVMNH@OhY]KQOc]b(íî<çèjI¼7MnJLKxMQH@OPUNOPbdc]UNOV@c*MS1cKNK~JR9aROMXcjKXY_MNH}YrMMQH@OKQO
xJRama9Y*amY_,K1OIJRVsbdOPUNJRc]UMNcíî<çèjÔc	IO"O"UWZsk@OMNcMNH@OO¥¤,MNU¢YKQOopk@O"V@hPJmV@\lYrV@ZY]Z9ZsJmMNJRc]V}Y*aWMNUXY*V@K~JLKQMNc]UXK
þ
OPaRKNOPxH9OPUXO*9IOY*KNKQksegOMQH}Y*MMQH@OKQOUXOK~HWk9ßJRV@\KxxJmaRa1KNOPaRZ9c]e£,Jmb<OP]OPU91O[1OPMQMXOPUxMQH}Y*V£íî<çèjsY*V@ZxJmaRa
V@c]MihPc]V@KQJRZ9OPUiMQH@OPe«bqk9UQMNH@O"U
GIH@Oåæ4çèãH}Y]KMQH@OaLOY]KQMSc]KNKQJm9aLO[KNOopk@O"V@hPJmV@\c]bTY*VW_c]b<MQH@OKQOUXOK~HWk9ßJRV@\KP{Ôc	IO"O"U@JRMUXOopk9JmUXOPK
M`Ic KQM¢YrMXOj*Y*UQJqY*saLOKY*V9ZH}Y]Kegc]UNOjhPc]efS9aRJRhY*MNOZS9UXc,Zsk@h"MNJLc*VUNksaLOKMNH@Y*V¿íî<çèj¼7MNK|c]V9am_ScKQKQJm9aLO
Y]Zs*Y*VWM¢Y*\O^JRVKQS1OOZ JLKMNH@Y*MJRMY*amaLc	iKÑÛgMXcH}Y*SsSO"V¾YaRJmMNMNaRO|OYrUNaRJROPUf¼7bIc]V@Ofhc]ksV,MNKMQU¢Y*V9KQJRMQJLc]V9KAJRM
MNk9UQV@Knc]k9MxMNH@Y*MiMNH@OV@O¥¤4Mn9k9¸1OPUnJRVMQH@OS9JRS1OPamJRV@OtdJRb<JRMxJRKiUNOK~H,ksßjOPZKQJmejJmaqY*UQaR_szxJRaRaV@c]MiOP]OPVUXY*JLKQOÑ Ø
k9VWMNJma©Y*bqMNOPUxÏAØPÙc4hPhPk9UNKsKQc|MNH9JRK{JRKUNOY*amaR_^V@c]MY*VY]Z4]YrV,MXY]\O[Y*MxY*ama7TGIH@OPUNOPbdc]UNO]sMQH@Oåæ4çèãxJmaRa}V@c]MO
hc]V9KQJLZsOPUXOPZbqksUNMNH9OPU
GIH}Y*MaLOYOKc]V9am_MNH9UNOOJRVWMXO"UXOPKQMNJmV@\UXOK~HWk9ßJRV@\KP^ñî<ðèfíî<ðnèjYrV@Zíî<çèjjGIH@OV}Y*ejOKY*UXO
Z9OPUQJR]OZbqUXc]e«hXH@Y*U¢Y]h"MXO"UNJLK~MNJRhKic]bCMNH@OhPJmUXh"k9JRMJmejSsaLOPejOPVWMXY*MNJRc]V@K|ñ îºJRV9ZsJLhY*MXOPKIOY*p`hc*V@ZsJRMQJLc]VaRc\]JLh*
íîßJmV@ZsJLhY*MXOPKS9UXOPhXH}Y*UN\OaRc\]JRh]{ðnè/JmV@ZsJLhY*MXOPKiYH@Y*aRbq9ks¸O"UtKQaLY]hX 

z¥}Y*V@Z çèÂJRV@ZsJRhY*MNOKnY|bqk9aRam9k9¸1OPU
tK~aqY]hXŁ	z"¼7VMQH@OH}Y*aRbqsk9¸O"U^UXOPKQHWk9ßJRV@\]Kc]VsaR_¾O"O"UN_¿c]MNH9OPUfKQMXY]\OhY*VH}YOMXc]]OPVc]VJRMXKc]ksMNS9k9M
hXH}Y*V9V9OPa7nKQJmV@hOYMNc]O"V c*VMNH}Y*MhXH}Y*V9V@O"a9aLc,hX,KMNH@OSsUXOPWJRc]k@KKQMXY]\O bqUNc]e SsUXc,Zsk@hPJmV@\Y*V c]ksMNS9k9M
MXc]]OPVA¼7VSsU¢Y]h"MNJLhPO]©OY]hXHc]b(MQH@OKQO|MNH9UNOOlUNOKQHWk9ßJmV@\KKNOPOPejK[MXcjOl1OK~Mbdc]U[hOPUQM¢Y*JmVY*S9SsaRJLhY*MNJRc]V@KP1KQc
MNH@O"_Y*UNOYraRa©k@KQOPbqk9avàJRMQH£K~M¢Y*MNO]YrUNJqYr9aLOPKIJRV@KQOPUQMXOZ}MQH@OMNH9UNOOUXOPKQHWk9ßJRV9\K[YrUXO]Ö
íî<çèÜé
×
ÎWÎ§ÚÑ
Ø
ê ÏAÒ}ÐÑÙWÐ Ï
Ø
ÙWÐ÷"ø<ÛWÐtWÎ7Ñ
Ø
Ò@Ð ÑÛ*z"ìtpÎ~ÚÏAÒ@ÐÏ
Ø
Û*z"Ð÷"ø<ÙrÒ
íî<ðèÂé
×
ÎWÎ§ÚÑ[Øëê ÏAÒ@ÐÑÙWÐÏAØÙWÐÂÎ7Ñ[Ø¥Ò@Ð ÑÛWÐÂÎ§ÚÏ<Ò@ÐÏ©ØÛrÒ
ñ î<ðnèÂé
×
ÎWÎ§ÚÑ[Øïê ÏAÒ}ÐÑÙWÐ Ï©ØÙWÐÂÎ7Ñ[Øffiê ÚÏAÒ@ÐÑÛWÐ ÏAØPÛrÒ
¬I­ Ëx¯	
>¯@ÉÄÅÆ±ÇÌ¯N³Ë
w,k9S9S1cKQOOY*VWMNOZ£MNc^JRefS9aLO"egO"V,MxY^ksV9JRMxxJmMNHuxwsyc]bCMNH@Obdc]UQe Ö
íßé
×
Înù}ìè|ùìÝmÝ ÝlÐ Tt	}ììÝ Ý Ý z¥ìfifftfl@ììÝ ÝmÝz"ìÝmÝ ÝÒ
½[V£OY]hXH£hP_,hPaRO]}íãUNOhPOPJR]OKiKNc*egOJmV9S9k9MNKsMQH@OPV£KNO"V@Z9Knc]k9Mxbqk9V@h"MNJRc]V@Kxhc*ejS9ksMXOZbqUNc]e MQH@OKQOJmV9S9k9MNK
GIH@OhXH}Y*V9V9OPaLKffi èj}YrV@Z Üe|k@K~MO"V@hc,Z9OKNc*egOZ@YrM¢Ys#GIH@Ok@K~k}Y*aAIY	_gMXcZ9cMNH9JRKJLKIMNcfk@KQOKNOPMNKic]b
ŁP`c*bL! U¢YrJRaLKbdc*UiOY]hXHhXH@Y*V9V@O"a7»@c]UiJmV@KQMXY*V@hO*@MXcfKNOPV9Z£M`cg9JRMNK@c]V9OhPc]k9aLZk@KQOM`c ŁP7c]bL
þ
UXY*JRaRKIxJRMQH
c]V@OY]hXWV@c	xaLOPZ9\O*Ìc*Uic]V@OŁP`c*bL"|U¢YrJRaLK{xJRMQH c]V9OY*hX,V9c2xaROZ9\]O]
[KiYlV@c*M¢Y*MQJLc]V}Yra©hc*V,]OPVWMNJRc]VA}YlUXY*JRa1JLKIJRZ9OPVWMNJ
¡
OZW_gMQH@OhXH}Y*V9V9OPaAV}Y*ejO[xJmMNHY^KQk9S1OPUNKNh"UNJRSsMxbdc]UxMNH@O
ŁP`c*bL!xJRUXOixH9JRhXHJLKY*hPMNJmO*9Y*V@ZYlKQk99KNhPUQJRS9MIbdc]UxH@Y*M\]UNc]k9Sc*b#ŁP`c]bL!>xJmUXOPKJRM{1OPaLc*V@\KMNctdJRb©MQH@OPUNO
JLKlejc]UNOgMNH}YrVc*V@O\]UXc*k9SJRVMNH9OhXH}Y*V9V@O"adz¥¾GIH@Ohc*UNUXOPKQS1c]V@ZsJmV@\ Y]hXWV@c	xaLOPZ9\OxJRama1OMNH@OhXH}YrV9V@OPa
V}Y*ejOxJRMQH YµNY]·^K~k9S1OPUXKQhPUQJRS9MÌc*UnY*Vµ~O·KQk9S1OPUNKNh"UNJRSsMnJmbTJmMJLKxk@KQOZJRVMNH9OJmVWOPUQMXOPZ KNO"V@KNO*
[KxJRVMQH@OK~JRV@\*aLOU¢YrJRask9¸O"U[hY]KNO*@IOhc]ksaLZJRefS9aLO"egO"VWMníÜW_O"¤,S}Y*V@Z4JRV@\fOY]hXH hXH}Y*V9V9OPaChc]efe|k9VsJm
hY*MQJLc]VJmV,MNclYH}Y*V9Z9KQH}Yr,JmV@\lO¥¤,S}Y*V@K~JLc]VA#Þ[JmUXOPhPM(JRefS9aROPejOPVWM¢Y*MQJLc]V|c]bMQH9JLK{Ôw4ÕUXOopk9JmUXOPKK~M¢Y*MNOn*Y*UQJqY*9aROK
bdc]UnMNH@O#}$|*Y*UQJqY*saLOKnY*V9Z egc*UXO]i¼7MIc]ksaLZ S9UNc4Z4k@hOlY*VOPV9c]UNejc]k@K~aR_9JR\Y*V@Z KQaLc	ßh"JRUXh"k9JRM}KNcKQc]egO
UXOPKQHWk9ßJRV@\¾JRKgc]WWJLc*k@KQam_ZsOKQJmUXOPZ©ºÔc	ffiKQH9c]k9aLZMNH@OÔ[wsÕ/O UNOK~H,ksßjOPZ}ù GIH@OKNY*ejO KNO"Mc]bY*UN\]ks
egO"VWMXKIS9UNOKQOPVWMXOPZJmVMNH@OaqY]K~MKNOPhPMQJLc]VY*SsS9aR_]sY*V9ZIOhPc]V@hPamk@Z9O[MQH}Y*MMNH@Oíî<çèf@íî<ðèf9Y*V@Z ñî<ðnè
UXOPKQHWk9ßJRV@\]KnxJmaRa1OMNH@OejcKQMxk9KNOPbqksa<c]V@OKP
GIH@O|hPc]UNUNOKQS1c]V@ZsOPV@hPO1OPM`OO"VMNH@O|K~JRV@\*aLOU¢Y*Jmaµ~MNOPefS9aqYrMXOKQ·jbdc]Uíî<çèjíî<ðnèjAYrV@Zßñî<ðèY*V9Z
Y|S9UXc,hOPKNKiaRJR]OíãJLKiY]Kxbdc]amaLc	iK#GIH9OlÏY*V@Z ÏAØixJRama©UXO"S9UXOPKNO"V,MY*aRa1MNH@OJmV9S9k9MnZ@Y*MXYY*V@Z£Y]hXWV@c	xaLOZs\OKP
GIH@OÑ«Y*V@Z¿Ñ[Ø|xJmaRa#UXO"S9UXOPKNO"V,MfYraRa{MNH@Oc*k9MNS9ksM|Z@Y*MXYY*V@ZY*hX,V9c2xaROZ9\]OK Î7ÏAÒJmV@ZsJRhY*MNOK|YY*JmMlbdc]U
MNH@O*Y*aRJRZsJRM`_ c]bxYraRa(JRVsS9k9MXKPY*V9ZáÎ§ÚÏ<ÒYYrJRMbdc]UMNH@OV@OPksMNU¢YraRJRM`_c]biY*amaJRV9Ssk9MXKP Î~ÚÑ
Ø
Ò JmV@ZsJLhY*MXOPKY
%
YrJRMbdc]UY*aRa(MQH@Ogc]ksMNS9k9MlY]hXWV@c	xaLOPZ9\OPKlMXcObY*aLKQO]Y*V@ZáÎ7Ñ Ø Ò JmV@ZsJLhY*MXOPKlYYrJRMbdc]UlY*aRa(MQH@Ogc]ksMNS9k9M
Y]hXWV@c	xaLOPZ9\OKMXcO^MQUNk@O*Ï©ØÙgJmV@ZsJRhY*MNOKU¢YrJLKQJmV@\Y*amaMNH@OJRVsS9k9MY]hXWV@c	xaLOPZ9\OPKJRV S}Y*UXY*aRaROPav©Y*V@Z¾Ï©ØÛ
JRV@Z4JLhYrMXOKiaLc	OPUQJRV@\fMNH@O"e ÑÙ^ejOY*V@KiMNH@Y*MY*amaAMNH@Oc]k9MQS9k9MXK[Y*UXOKNO"M[MXcfMNH@O"JRU]YraRJLZK~M¢Y*MNOK[JmV S}Y*UXY*aRaROPav
ÑÛejOYrV@KMNH}YrMnY*aRa1MNH@Oc]k9MQS9k9MNKiY*UXOKQOPMiMXc^MNH9OPJRUxV9OPk9MQU¢Y*aAK~M¢Y*MNOKP#àH9OPVÑÙlc,hh"k9UXKP}JmMJLKegOY*VWMxMNH}Y*M
S}Y*UQMNJLh"k9aqYrUUXY*JRaRK[c]b(MQH@O^c]k9MQS9k9MXKY*UXOlUXY*JLKQOZZ9O"SO"V@ZsJmV@\c]VxH9JRhXH UXY*JRaRKc*bÏY*UNOlMNUQk@O]GIH9JRKO"¤,S}Y*V9Z9K
ÑÙJmVWMXcfYfKQOPMnc]bTO"¤4hPamk@KQJmOKNO"aLOh"MNJRc]VKQM¢YrMXOPejOPVWMNKnO¥¤4OhPksMNJRV9\jJRVS@Y*U¢Y*amaLO"a7
ÓnV9bdc*UNMNksV}Y*MXO"aR_]ÌMQH9JLKKQJRefS9aROMQU¢Y*V9KQaqYrMNJLc*V£xJmaRa<JRVWMNUNc4Z4k@hOegc]UNOKQOopk@O"V@hPJmV@\MNH@O"VV@OhPOKQKXY*UQ_½[b(MNH@O
*Y*UNJRc]k@KY*hPMNJRc]V@K{xH9JLhXHc,hh"k9UJRVjS}Y*UXY*aRaROPa7pamJROnKNO"MNMQJRV@\Y*ama}MNH@Oc*k9MNS9ksMXKI*Y*amJLZtvÑÙ*z",OY]hXH£Y]h"MNJRc]VgefJL\]HWM
V@OOPZMXcY*JmMbdc*UIc]VsaR_fYS1c]UQMNJLc*Vgc]bMNH@OnS9UXOPhOZ4JRV@\|\*k}Y*UXZ tWÎ§ÚÑ Ø êÏAÒ,z"#»@c]U{JRV@K~M¢Y*V9hO],U¢Y*JRKQJmV@\&('Ùc]U

 
ÙV@OPOZ9KxMXchXH@OPhXÀÎ§Ú$)WÒj9k9MxV@c*M Î§Ú*+WÒ@wWJRefJRaqYrUNaR_]]MNH9OKQOPefJLhPc]aLc]V9K1OPM`OOPVY]hPMQJLc]V9Kt7ÑÙWÐ¥Ï Ø Ù*z
ejJR\]HWMTY*aLKQc[c	O"U(KNOPoWk9OPV@hPO]{Ôc	OPO"UpMNHsJLKChY*V9V9c]M1OIOY*KQJRam_
¡
¤4OZ|xH9JmaLO{KQMQJRaRapk9KQJRV9\[MNH@OIÔwsÕaqYrV@\]k}Y]\]O]
»@c]U[JmV@KQMXY*V@hO*©JRVMQH@O^KNOPopk@OPV@hPO ÙWì,^ÙWÐ-xØÙWì¥èØÙW1JRM[efJL\*H,Mn1O|V@OhPOKNKNY*UN_ bdc]U&xØÙ^MXcIY*JRMbdc*UÎ. Ò
c]V9am_ tdJRb^ÙZsJLZV@c]Mk@KQOMNH@O£]YraRk@O£c]b/zfxHsJRaLOèØÙefJL\]HWMjV@OOPZ>MNcIY*JRMjbdc]U Î. ê0Ò@ãGIH9JLK
hY]KQOjhPc]k9aRZ 1OfxUQJRMQMXOPVY]K& ÙWì1^ÙWìtWÎ. Ò@Ð- Ø Ù*z"ì	tpÎ.ffiêÒ@Ð¥è Ø Ù*z¥Csk9MMNH9JRKJRKKQM¢YrUNMNJmV@\MXc\OPMlY9JRM
JRamaLO\*JR9aRO]pY*V9ZJRb©MQH@O[V@O¥¤4MnY*hPMNJRc]V@KIY*UXO"V32 MIbqk9aRam_KNOopk@O"V@hOPZ©@JRM\OPMNKxOP]OPVIc*UXKNO*#¼7VMNH@O[amJRefJRM]MNH@OÔwsÕ
¦§k@KQM[ejJmUNUXc*UXKiMNH@O^Y*hPMNk@Y*aTSsUXc,Zsk@hPMQJLc]V UNk9aROlKNO"Mtvy54w9z"GCcK~WJRUNMMNH@OJLKNK~k@O|c]bµ§IOY*p`KNOPopk@OPV@h"JRV@\]·MQH9JLK
MNH@OPKQJRK[xJRama9¦§k@KQMk9KNO^Ô[wsÕ>xHsJLhXHefJL\]HWMnOlYj9JmM[c	O"UKNOPopk@OPV@hPOZ©AxJmMNHMQH@Ok9V9Z9OPUNKQM¢YrV@ZsJRV9\MNH}Y*MMNH@O
k9V9V@OPhOPKNKXYrUN_KQOopk@O"V@hPJmV@\gxJRamaAOc]S9MQJRefJL¨POZc]k9MnJRVMNH@Ohc*ejS9JmaqY*MQJLc]VMNcfSsUXc,Zsk@hPMQJLc]VUNksaLOKPn½[Vs`\c*JRV@\
UXOPKNOYrUXhXHJRV9hPaRk9Z9OKYejc]UNOfbdc]UQeYra(O"¤sY*efJRV}YrMNJLc*Vc*bxH@OPV¾KNOopk@O"V@hPJmV@\hY*V¾1OjO"aRJRefJRV@Y*MXOPZ©©JRV@h"aRk@Z4JRV@\
Y*VY*aR\c]UQJRMNHse«xH9JLhXH Y*ksMXc]egY*MNJRhY*amaR_jS9UXc,Zsk@hPOKOY*]OPV@OPZy54w£bqUXc]eëYg\]JmO"V ÔwsÕx©Ônc	IO"OPUAMNH9JRKJLK
V@c]Mx_]OPMnbqk9aRam_gZ9O"O"aLc]S1OZ©ÌY*V9ZJRKO"_c]V@ZMNH9OKQhc]S1Oc]bTMQH9JLKMQH@OK~JLKP
GIH@Oíî<çèÂOPUNKQJRc]V c*bYfíãxJmMNH£Zsk}Y*a©UXY*JRa©hXH}Y*V9V@O"aLKxc]k9aLZMNH9OPUXO"bdc]UXO1O]Ö
×
ÎWÎ§Ú$Ø{ê/
'
t.ì¢èjìÝ Ý z76©ý8
'
Ù@ÎÒÚ9£Ø(ê:
 
t;ì¥èjìÝ Ý Ý z76©ý 
 
ÙrÒ@ì
Î§Ú*
Ø
ê(ff<'	t.ì¥èfìÝmÝz76©ý ='Ù@ÎÒÚ/
Ø
ê(ff
 
t;ì¥èjìÝ ÝmÝz76©ý 
 
ÙrÒ@ìÝ ÝmÝ Ð
iØÙWì¢èØÙWìÝ ÝmÝ Ð
÷"øCÛWÐ
Î.
Ø
6©ý8('ÛWì>
 
ÛrÒ@ì1Î?
Ø
6ý @'ÛWì,
 
ÛrÒ@ìÝ Ý Ýmì
Î§ÚAB'{ê£Ú$
 
6Aý 
Ø
ÛrÒ}ìÌÎ~Úè)'(êÚè
 
6©ý è
Ø
ÛrÒ@ìÝ Ý ÝmÐ
÷"øCÙ
Ò
¼7V|MNHsJLKTÔwsÕx2MNH@OC
'
 
 
fiff
'
pY*V9Z:ff
 
YrUXO1c,c]aLOY*VlO¥¤,S9UXOPKNKQJRc]V@KJmVlMQH@OIZ@YrM¢YUXY*JRaRKAc]b@MNH@O{JRV9Ssk9MhXH@Y*V9V@O"aLK
GIH@OP_ÁY*UNOZsOPUNJmOPZÁbqUXc*e MNH@ODãY*V@ZEffc]blMQH@O¾uxw4yffiYrV@ZÁJmV@ZsJLhY*MXOMQH@O hc]V@Z4JRMNJRc]V@Kbdc]UU¢YrJLKQJmV@\MNH@O
*Y*UNJRc]k@KiZ@Y*MXYUXY*JRaRKxc]bMQH@Oc*k9MNS9ksM[hXH}YrV9V@OPaRKB!nc]MXOMNH@Y*MnOY]hXHc*k9MNS9ksM[hXH}YrV9V@OPaCIY*JRMNKnc*V9aR_bdc*UnJmMXKic	xV
Y]hXWV@c	xaLOPZ9\O]9xHsJLhXHJLKIaROKNKxKQOopk@O"V@hOPZ MNH}YrV Y|Z4JRUXOPhPMxMQU¢Y*V@K~aqY*MQJLc]Vc]b<MNH@Oíî<çèÜMNOPefS9aqY*MNO[c]k9aLZ1O]
¼7VíüJmMJLKKQOO"V MQH}Y*M)xØY*V@Z èØMXO"V@ZMXcK~xJRMXhXHY*MYrc]ksM[MNH9O^KXY*ejO|MNJmegO*GIH@OP_hPc]k9aRZY]hPMQk}Y*aRam_
OhPc]e|9JmV@OZJRVWMNcYK~JRV@\]aROFnèØxHsJLhXH Ic]ksaLZY*JmMbdc]UMQH@Ohc]V]¦§ksV@hPMQJLc]Vc]b{MNH@O^\]k@Y*UXZ9Kc]VGxØlY*V9Z
è
Ø
#uIc*e|9JRVsJRV@\MQH@O[Y*hX,V9c2xaROZ9\]OK#MXOPV9Z9K{MNcUNOZsk9hOiMNH@OnY*UNOYc]b1MQH@OihPJmUXhPksJRMsk9M#ejJR\]HWM(KQaRc2JRM#Z9c	xVA
GIH@OOPKQMnZ9Oh"JLK~JLc]VZ9O"SO"V@Z9Knc]VMNH@OhPJmUXh"k9egK~M¢Y*V9hOKP
¬I­.H IKJML7N«°²Q±´OQPKËx¯RS
¯T@É ÄÅÆ±ÇÌ¯N³Ë
GCcS9ksMMNH@O^S9UNOPWJLc]k9KKNOh"MNJRc]VJRVWMXcS9UXY]hPMQJLhPO]<KNO"OPUXY*auxwsyÁSsUXc,hOKQKNOPKxJmMNHMNH@O^KNY*ejO|bdc]UNe Y]KíüxJmaRa
Olhc]efS9JRaROZJRVWMXcjS9JRS1OPamJRV@OPZ£h"JRUXh"k9JRMNKGIH9O|KQJmejS9aROK~Muxwsy9k9¸1OPU[MNH}Y*M[OPV@hPc4ZsOKZ@Y*MXYjH}Y]KYgZsk}Y*aCU¢YrJRa
"
JRV9Ssk9M^ÏY*V@ZYZsk}Y*a{U¢Y*Jma#c]k9MQS9k9M|Ñl£GIH9OuxwsyÀJLK^Í(Î7ÏCùVU<Ð¥Ñ/U1Ò@GIH9UXOPOÔw4ÕºUNOK~H,ksßfJmV@\Kbdc]UMQH9JLK
S9UXc,hOPKNKY*UXO*Ö
ñ î<ðnè èXW1çãé
×
ÎWÎ§Ú(Ñ[Ø#êÏ ' 6Aý Ñ ' Ù@ÎÒÚÑ[Ø#ê£Ï
 
6©ý Ñ
 
ÙrÒ@Ð¥Ï©ØÙWÐ
Î7Ñ Ø êÚÏY'(ê ÚÏ
 
6©ý Ñffi'ÛWì¢Ñ
 
ÛrÒ@Ð¥Ï Ø ÛrÒ
íî<ðè èXW1çãé
×
ÎWÎ§Ú(Ñ Ø êÏY'Z6Aý Ñffi'Ù@ÎÒÚÑ Ø ê£Ï
 
6©ý Ñ
 
ÙrÒ@Ð¥Ï Ø ÙWÐ
Î7Ñ[Øffi6©ý Ñ ' ÛWì¥Ñ
 
ÛrÒ@Ð1Î§ÚÏ ' ê ÚÏ
 
6©ý ÏAØÛrÒWÒ
íî<çè èXW1çãé
×
ÎWÎ§Ú(Ñ Ø êÏY'Z6Aý Ñffi'Ù@ÎÒÚÑ Ø ê£Ï
 
6©ý Ñ
 
ÙrÒ@Ð¥Ï Ø ÙWÐ*÷"ø<ÛWÐ
Î7Ñ[Øffi6©ý Ñ ' ÛWì¥Ñ
 
ÛrÒ@ì1Î§ÚÏ ' ê ÚÏ
 
6©ý ÏAØÛrÒ@Ð*÷"ø<ÙrÒ
bqMNOPUgsk999aRO"7UNOK~H,ksßfJmV@\>txHsJLhXH>KQk9\\OK~MXKk@K~JRV@\¾MQH@O JmV,]OPUQMXOZ>Y*hX,V9c2xaROZ9\]OKÏ\[gYrV@Z Ñ][Nz"xMNH@O
S9UXc,Zsk@h"MNJRc]VUNk9aROKbdc]UxMQH@Oñ î<ðnè èXWçßbdc]aRaRc2sY*V@ZMNH@Oh"JRUXh"k9JRMZsJqY]\*U¢Y*eúJLKxKQH9c2xV£JRV»TJR\]k9UNO^Ł
Ñ][<ê£Ï
'
Ñ
[
ê£Ï
 
Ú Ñ
'
Ú Ñ
 
Ú Ñ
'A^
Ú Ñ
 
Ï
[
ý Ñ
'
Û
ý Ñ
 
Û
ý Ñ
'
Ù
ý Ñ
 
Ù
ý Ï
[
Ù
ý Ï\[¢Û
ÚÑ
[
ê£ÚÏ3'
ÚÑ
[
ê£ÚÏ
 
Ñ
'
Ñ
 
Ñ
'
ê Ñ
 
Ú Ï
[
ý Ñ
'
Ù
ý Ñ
 
Ù
ý Ñ
'
Û
ý Ñ
 
Û
ý Ï
[
Û
ý Ï\[¥Ù
GIH@Oc]MNH@O"UÔ[wsÕB2 KhY*V£OJmejS9aROPejOPVWMXOPZ£K~JRefJRaLY*UNam_W9k9MnMNH@O"_Y*UXOc*MNH£KNc]ejOPxH}YrM9JR\\O"U»@c]UxMQH9JLK
UXOPKQHWk9ßJRV@\sMNH@O]YraRJLZ4JRM`_Y*V@Z£V@OPk9MQU¢Y*amJRM`_c]b(MQH@O|c]k9MQS9k9MZ9Y*M¢YÑÜJmejSsaRJLOPKnMQH@Ol*Y*amJLZsJmM`_Y*V@ZV@O"k9MNUXY*aRJmM`_
c]b©MQH@OnJmV9S9k9MZ@Y*MXY|ÏA_Ac\]JRhnxHsJLhXHgH@Y]KMQH9JLK#S9UXc*SO"UNM`_JLK{hY*amaLOPZ¾µ~OYrW7hc]V9ZsJRMQJLc]V@·s¼7M{egOY*V@KMQH}Y*M{MNH@O
ÏZ9c,OKV@c]MV@OPOZ MXcOhXH@OPhXOZYrV,_WxH@O"UXOjOPaLKQO]<OPKQJRZ9OKJRVÑljGIH@Oñ î<ðnèëY*aRKNc\O"MXKKNc]ejOc]b{JRMXK
KNO"ejJRhc]aRc]V@KIJmejS9aROPejOPVWMXOPZbdc]UxbqUXOPO]#GIH@OKNO"ejJRhc]aRc]V1OPM`OO"V Ï©ØÙWÐ1Î7Ñ[Øê ÚÏAÒjJLKJmejS9aROPejOPVWMXOPZgW_MNH@O
OPVWWJRUNc]V9ejOPVWMCY]KJLKMQH@O|JRefS9amJLhPJmM[KQOPefJLhPc]aLc]V YrMMNH@O^O"V@Zc]b#MQH@O^aLc,c]SAw4cJmMKNOPOPejKMQH}Y*MMNH9Oñî<ðnè
H}Y]KKNc]ejOJmV9H@O"UXOPVWMO"V@O
¡
MNKÔc	OPO"U©JmMnMQk9UNV9K[c]k9MnMNH@Y*MY*amMNH@c*k@\]HÀñ î<ðnèác]UN,KOPamaTbdc*U9ks¸O"UXK
MNH@O£µ~OYrW7hc]V9ZsJRMQJLc]V@·^UNOopk9JRUNOPejOPVWMnhY*VhY*k@KNOS9UNc]9aLO"egKxJmMNHc]MQH@OPUnhPJmUXh"k9JRMNK
GIH9JLKñî<ðè èWç9k9s9aLO¥7UXOPKQHWk9ßJRV9\nH}Y*K
þ
MNUXY*V@KQJmMNJRc]V@K©bdc]UQY*UNZaLY*MXO"V@hP_YrV@Z
%
MNUXY*V@K~JRMNJRc]V@Kµ~}Y*hXW
YrUXZ9·aLY*MXO"V@hP_tbdc*UlMNH9OjS}Y*MQHbqUXc]e MQH@OgUNJR\]HWM|Y*hX,V9c2xaROZ9\]OMXc MQH@OjaROPbqM^Y*hX,V9c2xaROZ9\]O	z" uIc*e|9JRVsJRV@\
MNH@OPKNOMNJmegOPKbdc]UxMNH@OxH@c*aLOH}Y*V9Z9KQH}YrO_,JROPaRZ9K
þZ`a%b`þb`c%)d
Łfe^MQU¢Y*V9KQJRMQJLc]V9KSO"Uh"_,hPaLO*
g
R1
C
C
L0
LeLe
L1
R0
Re
R1
R0
»TJL\]ksUXO^ŁÖàuÔ[û ûÓ»
GIH@O^ejJmV9JRelk9eëVWk9elO"Uc*bIMNUXY*V@K~JRMNJRc]V@K[S1OPUh"_4h"aLOfc]bIY*VW_h"*7SsH}Y]KNO9k9¸1OPUJRK=isfGIH@OPUNOfe|k9KQMOfY*M
aLOY]KQMnŁiMNU¢YrV@KQJmMNJLc*VfY*M{OY]hXHgOPV@Zjc]bMQH@OihXH}Y*V9V@O"a7Wbdc]U#OY*hXHS9H}Y]KQOc*b1MQH@OnH@Y*V@Z9K~H}Y*O*{Þ[k@OxMXcMNH@OiJRVWO"UXKQO
egc*V@c]MXc*V9JLh"JRM`_|c*bCuBj½w14Y*VcKQhPJmaRaqYrMXc]Uelk@KQMH}YOYrVc,Z9ZjVWk9e|1OPUIc]bMQU¢Y*V9KQJRMQJLc]V9K{c*VOY*hXHH}Y*amb©hP_,h"aLO]
GIH@OPUNOPbdc]UNO]@OY]hXH£H@Y*aRbCc]b<MNH9OH@Y*V@Z9K~H}Y*OUXOPopk9JRUNOKiY*Vc,Z9ZV,kse|O"Uic]bCMNU¢YrV@KQJmMNJLc*V@K4\]UXOY*MXO"UxMNH}Y*V
þ
{w,c
MNH@O"UXO[elk@KQM1OYrMIaLOY]KQM
%
MNUXY*V@KQJmMNJRc]V@K#bdc]UOY]hXHH}Y*amb§4c]UQibdc]UMNH@O[xH9c]aLOhP_,hPaRO](àHW_gZ9cIOY]ZsZO"¤,MNUXY
JRVWO"UNMNOPUXKfMXcÂñ î<ðnè èXW1çïMXc \OPMŁVeMNU¢YrV@KQJmMNJLc*V@K|SO"Ugh"_,hPaLOù Z9ZsJRV9\ MQH@OJmVWOPUQMXO"UXKfhY*VY]hPMQk}Y*aRam_
KQS1OOPZk9S¿MNH@OMNHsUXc]k@\*H9S9k9MZ9OPKQS9JmMXOMNH@OJmV@hPUNOY]KQOZMQU¢Y*V9KQJRMQJLc]VhPc]k9VWM{OPhY*k9KNOJRVWO"UNMXO"UXKfH}YOH9JL\]H
\pY*JmVAnaLKNcs]MNH@OZiMNUXY*V@K~JRMNJRc]V^S1OPU#hP_,h"aLOx9k9¸1OPU#c]k9aLZ^JmV,]OPUQM{MQH@OiKNO"V@KNOPKc]bÌMNH9OnZ9Y*M¢YY*V@ZfY]hXWV@c	xaROZ9\OPK
Y*bqMXO"UlO"O"UN_ KQMXY]\O]CxH9JLhXHJLKH9JL\*H9aR_JmV@hc*V,]OPV9JROPVWMlxH9OPVhPc]ejS1cK~JRV@\ZsJm¸O"UXOPVWMS9JRS1OPamJRV@OPZ hPOPamaLKg[KY
KQMXY*V@Z@Y*UNZS9U¢Y*hPMNJRhO*egc]KQMS9JmSO"aRJmV@OZaLc\]JRhhPOPamaLKxJmaRaCOlZ9c]V@OlxJmMNH
þ
MQU¢Y*V@K~JRMQJLc]V@Knc]b#bdc]UQY*UNZaqY*MNOPV@h"_
9k9Mejc]UXOhPc]efS9aRJRhY*MNOZhPJmUXh"k9JRMNK|xJRaRaH}YO
g
7kc]UOP]OPVmlMQU¢Y*V@K~JRMQJLc]V@K}Y]hXWYrUXZaLY*MXO"V@hP_]{_WJROPaLZ4JRV@\
MNUXY*V@KQJmMNJRc]V@KIS1OPUnhP_,h"aLObqUXc]e ŁVe|MXc
þþ
tO"OPV£VWk9e|1OPUXKnc]V9am_9c*bhPc]k9UXKQO	z¥
!O¥¤4MAO#hc]V9KQJLZsOPUCYIbqk9amaqY]Z9ZsOPUxJmMNHMQH@OuxwsyÍ(Î;nùn@ì¥è|ùìpîù<o*Ðæpfi:q#Ñ|t	}ììroz¥ì-stå(@u(t	}ììroz~Ò}
GIH@Offièjî| æ,Y*V@ZXs/hXH@Y*V9V@O"aLKY*UXOiZsk}Yra@U¢Y*Jma7TGIH@O[Y*hX,V9c2xaROZ9\]OKbdc*Upèj4Y*V@Zî>xJmaRa91Oihc]e|sJRV@OPZ
JRVWMXcfY^KQJmV@\]aROç@[¥(àOk9KNOJRVWO"UNMNOZY*hX,V9c2xaROZ9\]OKibqUXc]eúMNH@OKQMXY*UNM{GIH@OMNH9UNOOÔwsÕUNOK~H,ksßfJmV@\KY*UXO*Ö
ñ î<ðnè ç1 é
×
ÎWÎ~æv[CêD:q#Ñ
'
t;ì¥èjìîzp6©ý æ
'
Ù@ÎÒ	æv[<êt:q#Ñ
 
t.ì¥èfìpîzp6©ý æ
 
ÙrÒ@ì
Î;s
[
êå(@u
'
t;ì¥èjìîz76Aýws
'
Ù@ÎÒxs
[
ê£åt@u
 
t;ì¥èjìpîzp6©ýws
 
ÙrÒ@Ð
ç
[
ÛWÐ
Î§Úæ
[
ê ÚAB'(êÚ$
 
êÚ[îM']6©ý æ9'PÛWìæ
 
ÛrÒ}ì
Î§ÚAs:[ê Úè
'
ê Úè
 
êÚ[î
 
6Aýws
'
ÛWì-s
 
ÛrÒ@Ð
ç@[¥Ù
Ò
i
íî<ðè ç1 é
×
ÎWÎ~æv[CêD:q#Ñ ' t;ì¥èjìîzp6©ý æ ' Ù@ÎÒ	æv[<êt:q#Ñ
 
t.ì¥èfìpîzp6©ý æ
 
ÙrÒ@ì
Î;sF[Têå(@u ' t;ì¥èjìîz76Aýws ' Ù@ÎÒxs:[Cê£åt@u
 
t;ì¥èjìpîzp6©ýws
 
ÙrÒ@Ð
ç@[¥ÛWÐ
Î§ÚæC[B6©ý æ ' ÛWìPæ
 
ÛrÒ@ì
Î§ÚAs:[B6©ý s ' ÛWì-s
 
ÛrÒ}Ð
Î§ÚAB'{ê£Ú$
 
ê Úè)'(êÚè
 
ê£Ú[îM'(ê Úî
 
6©ý ç [ ÙrÒ
Ò
íî<çè ç1 é
×
ÎWÎ~æv[CêD:q#Ñ ' t;ì¥èjìîzp6©ý æ ' Ù@ÎÒ	æv[<êt:q#Ñ
 
t.ì¥èfìpîzp6©ý æ
 
ÙrÒ@ì
Î;sF[Têå(@u ' t;ì¥èjìîz76Aýws ' Ù@ÎÒxs:[Cê£åt@u
 
t;ì¥èjìpîzp6©ýws
 
ÙrÒ@Ð
ç@[¥ÛWÐ
÷"øCÛWÐ
Î§Úæ
[
6©ý æ9'ÛWìPæ
 
ÛrÒ@ì
Î§ÚAs
[
6©ý s
'
ÛWì-s
 
ÛrÒ}ì
Î§ÚA
'
ê£Ú$
 
ê Úè
'
êÚè
 
ê£Ú[î
'
ê Úî
 
6©ý çM[¢ÙrÒ@Ð
÷"øCÙ
Ò
¼7VMQH@OÁñ î<ðnè ç1{MQH@O*Y*amJLZsJmM`_c*b[MNH9Oc*k9MNS9ksMXKæãY*V@ZsflJmejSsaRJLOPKMQH@O*Y*amJLZsJmM`_c*bMQH@OJmV9S9k9MNK
OPhY*k9KNOMNH@Oæelk@KQMhXH@OPhX Y*aRa(c*bQèjCY*V@ZÁî||GIH@OMXOPKQMbdc]UMQH@O^V@OPk9MQU¢Y*amJRM`_ c]b#MNH@O^JRVsS9k9MXKJRKKQS9amJRM
O"M`IOPOPVæ{ÛY*V@ZysÛW(GIH9JRKc]UN,KIY]KaRc]V@\Y]K{1c]MQHæÛY*V@ZDsÛhXH@OPhXY*M{aLOY]KQMc]V@OiJRV9Ssk9Mf2 KV@O"k9MNUXY*aRJmM`_
hc]efS9aROPMXO"aR_]Y*V9ZJRb(1c]MNHUXY*JRaRKc*bxæY*V@ZhsffiYrJRM[bdc*U[MNH9O|KXY*ejO|O¥¤4SsUXOKQKQJRc]VA¼7Vc*MNH íî<ðnè ç1ÜY*V9Z
íî<çè ç14MQH@OO"¤,S9UNOKNK~JLc]Vbdc]UMNH@OV@OPk9MQU¢Y*amJRM`_fc]bAMQH@O[JRVsS9k9MXKJLKIc*,WJRc]k@KQam_jMNc4caqY*UN\OMNclJRefS9aLO"egO"VWMY]K
YK~JRV@\]aROS9UXc,Zsk@h"MNJRc]VjUQk9aLO*¼7V@K~MXOY*Z©4MQH@OnV9OPk9MQU¢Y*amJRM`_|MNOKQMe|k@K~M1OZsOhc*ejS1cKNOPZjJmV,MNcKQOP]OPU¢Yra©c]S1OPUXY*MXc]UNK
GIH@O|k@K~k}Y*aZsOhc*ejS1cKQJmMNJRc]V JRKV@c]U\pY*MXOPK[bdc]U[OY]hXH Zsk}YraU¢YrJRa<JRV9Ssk9Mbdc*aRaLc	OZ,_Y
%
7JmV9S9k9Mh"7OPaROPejOPVWM
ç@[¢Ûelk@KQMV@c	/YrJRMbdc]UMQH@Oj*Y*amJLZsJmM`_c]bIMNH@OfJRV9S9ksMXKx¦§k@KQMMXcY*hX,V9c2xaROZ9\]OgMNH@OfJRVWMXO"UNV}Yra{MQU¢Y*V9KQJRMQJLc]V9K
Ôc	OPO"U}MNH9JRKegOY*V@KxMNH9OaRc\]JRh[bdc]UæY*V9Zzs V@c^aLc*V@\OPUxV9OOZsKnMNcfbqk9amaR_jhXH@OhX*Y*amJLZsJmM`_gc]bCMNH9OJmV9S9k9MNKÐ
JRMxJRKV@c]MxUXOPopk9JRUNOZMXc^OOY*p7hc]V@Z4JRMNJRc]VA
GIH@O9k99saLO"vUXOPKQHWk9ßfOZYrV@ZZ9OhPc]ejS1cKQOZ£SsUXc,Zsk@hPMQJLc]VUQk9aLOPKxbdc]U£ñ î<ðnè ç1ÀY*UNO]Ö
æC[CêD:q#Ñ
'
t;ì¥èjìpîz
æC[CêD:q#Ñ
 
t;ì¥èjìpîz
s:[Cê£åt@u
'
t;ì¥èjìpîz
s:[Cê£åt@u
 
t;ì¥èjìpîz
Ú æ
'
Ú æ
 
Ú s
'
Ú s
 
t`Ú æ
'$^
Ú æ
 
zCêt§Ú s
'A^
Ú s
 
z
ç
[
ý æ
'
Û
ý æ
 
Û
ý s
'
Û
ý s
 
Û
ý æ
'
Ù
ý æ
 
Ù
ý s
'
Ù
ý s
 
Ù
ý ç
[
Ù
ý ç
[
Û
k
Ú{æC[Tê Ú$ ' ê£ÚA
 
êÚ[î '
Ú{æ [ ê Ú$B'{ê£ÚA
 
êÚ[îM'
Ú$sF[Cê Úè ' êÚè
 
ê Ú[î
 
Ú$sF[Cê Úè ' êÚè
 
ê Ú[î
 
æ
'
æ
 
s
'
s
 
æ
'
ê æ
 
ê s
'
ê s
 
Ú ç
[
ý æ
'
Ù
ý æ
 
Ù
ý s
'
Ù
ý s
 
Ù
ý æ ' Û
ý æ
 
Û
ý s ' Û
ý s
 
Û
ý ç
[
Û
ý ç [ Ù
S0S1 S1 S0
A0A1
B1B1 B0
C1 C0 D0D1D1 D0
B1
C1
C0 C0
A0 A0
A1 A1
A0
C0
A1
B0
B1
C1
D0 D1
S1S0
S0
D0
D1
S1
C1
B0
B0
Se
Se
De
De
FeFe
»TJL\]ksUXO
þ
ÖàuÔ[û »,
GIH@Oh"JRUXh"k9JRMlZsJqY*\]U¢Y*e JRKlK~H@c	xV¿JmV»TJR\]k9UXO
þ
GIH@OgSsk9aRa 7k9SaLc\]JRhfbdc*U æ
'
 æ
 
 s
'
(Y*V9Z s
 
H}Y]K/"
Ss7MQU¢Y*V9KQJLK~MXc]UNKJmVKQOPUQJLOKPTxH9JRhXH¾JLKopk9JRMNOfOYr1Zsk@OMXc£MQH@OjaRc	IO"Uejc]9JmaRJRM`_£c]bH9c]aLOPK½[MNH9OPUñî<ðnè
hPJmUXhPksJRMXKhY*V1OgO"O"Vc]UXKQO] w,JmV@hOY*aRa#MNH9OgJRV9Ssk9MXK^YrUXOghXH9OhXOPZbdc]UV@OPksMNU¢YraRJRM`_1OPbdc]UNOjMQH@Oc]k9MQS9k9MNK
UXOPKNOPMYS9UXc,hOPKNKxJRMQH¿MQH9UXOPOJmV9S9k9MNKfY*V@Z¿c]V9aR_c]V@Oc]k9MQS9k9Mc]k9aLZ¿OPV9Z¿k9S¿xJRMQHmk SsvMNUXY*V@KQJRKQMNc]UXK^JRV
KNO"UNJLOPKMNcfUNOKNO"M[MQH}Y*Mc]k9MNSsk9MiGIH@OKNc]amk9MNJRc]VJLKiMXck@KNOMNH@Oµ~S9UXOPhXH}Y*UN\O"vaLc\]JRh·^UXOPKQHWk9ßJRV9\K©íî<ðnè ç1
c]Uíî<çè ç1|GIH9OKNO^MNOKQMMQH@O|V@OPksMNU¢YraRJRM`_£c]b#MNH9OJmV9S9k9MNK[JRV YZsJm¸O"UXO"V,MSsaqY]hPO]©xH9JRhXH JRK[e|k@hXH ejc]UXO
OY]K~JRam_ZsOhc*ejS1cKNOPZ^JRVWMXc[egY*V}Y*\OY*saLO{\pY*MXOPKWY*V9Z^Z9c4OPKV@c]MKQaLc	MNH9OIbdc]UNIY*UNZ|aqY*MNOPV@h"_GIH9Oníî<ðnè ç1
UXOPKQHWk9ßJRV@\H}Y]KxMQH@OS9UXc,Zsk@h"MNJLc*VUQk9aLOPKÖ
{
 '
^

 
è)'
^
è
 
î '
^
î
 
çM[Cêæv[<êt:q#Ñ ' t.ì¥èfìpîz
çM[Cêæv[<êt:q#Ñ
 
t.ì¥èfìpîz
çM[CêtsF[<ê£å(@u ' t;ì¥èjìîz
ç [ êts [ ê£å(@u
 
t;ì¥èjìîz
Ú æ
'
Ú æ
 
Ú s
'
Ú s
 
Ú 7|xêÚ è=|êÚ î]|
Ú æ
'A^
Ú æ
 
Ú s
'A^
Ú s
 
æ
|
ê(s
|
ê(nèlî
|
ý  | Û
ý è
|
Û
ý î | Û
ý æ
'
Û
ý æ
 
Û
ý s
'
Û
ý s
 
Û
ý æ ' Ù
ý æ
 
Ù
ý s'Ù
ý s
 
Ù
ý nèlî
|
Ù
ý æ
|
Ù
ý s
|
Ù
ý ç
[
Û
Ú$
'
êÚ$
 
Úè)'(ê Úè
 
Ú[î
'
ê Ú[î
 
Ú{æC[Tê ÚçM[
Ú{æC[Tê ÚçM[
Ú$sF[Cê ÚçM[
Ú$sF[Cê ÚçM[
æ
'
æ
 
s
'
s
 

|
ê è
|
ê î
|
æ
'
ê æ
 
s
'
ê s
 
Ú{æ
|
êÚ$s
|
ê£ÚAnèlî
|
ý 7|Ù
ý è
|
Ù
ý î]|*Ù
ý æ
'
Ù
ý æ
 
Ù
ý s
'
Ù
ý s
 
Ù
ý æ
'
Û
ý æ
 
Û
ý s
'
Û
ý s
 
Û
ý nèlî
|
Û
ý æ
|
Û
ý s
|
Û
ý çM[¥Ù
GIH9JLKih"JRUXh"k9JRMihY*V 1OeY]ZsObY]KQMNOPUn,_Y*Z9ZsJRV9\fM`cjJmV,]OPUQMXOPUNKnMNcç
[
Y*V9Z£MNH9OPV M`cjejc]UNOMXcS9UXc,Zsk@hPO
MNH@Oç
[
k9KNOZJRVWMNOPUNV@Y*aRam_ tdxH9JLhXHJRKIV@c	ÀhY*aRaROZ÷"øz"#GIH9JRKxhPJRUNhPk9JmMJLKIKQH@c	xVJRV»TJR\]k9UXO
%
(ãíî<çè ç1
UXOPKQHWk9ßJRV@\c]k9aLZH}YOc]V9am_K~aRJL\*H,MQaR_jZsJR¸1OPUNOPVWMiS9UXc,Zsk@h"MNJRc]VUNk9aROKPÖ
l
CC
S1
ABCv
D0
D1C1
C0
B1
B0
A0
A1
Fe
en
Sv
Dv
Bv S0
S1 S0S1 S0
B1
C1
C0 C0
A0 A0
A1 A1
C1
B0
Se
Se
en
en
A0A1
B1B1 B0
C1 C0 D0D1D1 D0
B0
en
De
De
en
Cv
Av
»CJL\]k9UNO
%
Ö#y{uÔ[û »,

'
^

 
è)'
^
è
 
î
'
^
î
 
÷"øjê æv[CêD:q#Ñ
'
t.ì¥èfìpîz
÷"øjê æ
[
êD:q#Ñ
 
t.ì¥èfìpîz
÷"øjêDs
[
ê£å(@uY'2t.ì¥èfìpîz
÷"øjêDs
[
ê£å(@u
 
t.ì¥èfìpîz
Ú æ
'
Ú æ
 
Ú s
'
Ú s
 
Ú 
|
êÚ è
|
êÚ î
|
Ú æ
'A^
Ú æ
 
Ú s
'A^
Ú s
 
÷"øjê æ
|
êDs
|
êDèlî
|
æ
|
ê(s
|
ÚçM[Tê Ú æ<s
|
÷"ø
ý 7|Û
ý è
|
Û
ý î]|rÛ
ý æ
'
Û
ý æ
 
Û
ý s
'
Û
ý s
 
Û
ý æv'Ù
ý æ
 
Ù
ý s
'
Ù
ý s
 
Ù
ý nèlî
|
Ù
ý æ
|
Ù
ý s
|
Ù
ý çM[¢Û
ý æ<s
|
Û
ý ÷"ø<Ù
ý ÷"ø<Û
ŁVe
Ú$ ' êÚ$
 
Úè)'(ê Úè
 
Ú[î ' ê Ú[î
 
Ú{æC[Tê ÚçM[
Ú{æC[Tê ÚçM[
Ú$sF[Cê ÚçM[
Ú$s [ ê Úç [
æ
'
æ
 
s
'
s
 
7|xê è=|xê î]|
æ
'
ê æ
 
s
'
ê s
 
Úi÷"øjêÚ$nèlî
|
Ú{æ
|
êÚ$s
|
çM[Cê æ<s:|
Ú ÷"ø
ý  | Ù
ý è
|
Ù
ý î | Ù
ý æ
'
Ù
ý æ
 
Ù
ý s
'
Ù
ý s
 
Ù
ý æ ' Û
ý æ
 
Û
ý sF'Û
ý s
 
Û
ý nèlî
|
Û
ý æ
|
Û
ý s
|
Û
ý ç
[
Ù
ý æ<s |
Ù
ý ÷"øCÛ
ý ÷"ø<Ù
½[bAMNH@O[MQH9UXOPObqk9aRaLY]Z9Z9O"UUNOK~H,ksßfJmV@\KP9xH9JLhXHc]V9O[JLK{OPKQM¥ùGIH9Oñ î<ðnè ç1H}Y]Kxc]V9am_ŁVeMNUXY*V@K~JRMNJRc]V@K
SO"U#hP_,hPaRO]pxH9JmaLOIMQH@Oníî<ðè ç1H}Y]KxŁf"Y*V9ZMQH@Oíî<çè ç1¿H@Y]KxŁ
þ
t;kc]V^MQH@OiKNO"MNMNJmV@\S9H}Y*KNO]p9ksM
g
c*V
MNH@OUXOKQOPMQMNJRV9\S9H}Y]KQO]©K~JRV@hPOlMNH@O^Ï¿Y*V9ZÑÂH}Y*V@Z9K~H}Y*]OKUXOPKNOPM[JRVS}YrU¢Y*amaLOPaqz"namMNH@c]k9\]HMNH9Oñ î<ðnè ç1
H}Y]KIbdO"IO"UxMNUXY*V@KQJRKQMNc]UXKP4MXceY*]OJmMIUXOY]KNc*V}Y*9am_jbY]K~M,MNH@OM"Ss7MQU¢Y*V@K~JLK~MXc]UNKJRVKNOPUQJLOPKIe|k@K~MOneY*Z9O]OPUN_
aqY*UN\O]ÞOKQSsJRMXOMQH@OaLc	OPUiMNUXY*V@K~JRMNJRc]VhPc]k9VWMnc]b<MNH@Oñî<ðè ç1s1c]MNH íî<ðnè ç1 Y*V@Z£íî<çè ç} Y*UXO
KQk99KQM¢YrV,MQJqY*amaR_bY]KQMNOPUfJRVMNH9UNc]k@\]HsS9k9MgY*V@ZaLY*MXO"V@hP_]íî<çè ç}úJLK^MNH@ObY]K~MXOK~Mgc*bY*ama7#KQJmV@hOJRMUNOPaRJROK
H@OYWJRam_c]VVsvMNUXY*V@KQJRKQMNc]UXKY*V@ZKNYOK
þ
MNUXY*V@K~JRMNJRc]V@Knc]V MQH@OUNOKQOPMS9H@Y]KNO*[Ônc2OP]OPUíî<çè ç}ÀJRKY9JRM
aqY*UN\OPUxMQH}Y*Víî<ðè ç1@Zsk@OMXc^MQH@OO¥¤,MNU¢YKQMXY*MXO*Y*UNJLY*9aROj÷"øY*V@ZMNH@OO¥¤4MQU¢Yfhc]efS9aLO"MNJRc]V æ<s:|]¼7bTMNH@O
KQS1OOPZ c]bCMNH@Obqk9amaqY]ZsZ9OPUJRKV@c]MnhPUQJRMQJLhYra7WMNH@Oíî<ðè ç}ÁKNOPOPejKnMNc1OMNH@O1OK~MhXH9c]JLhPO]
¼7V\OPV@O"U¢Y*av	MNH@Ojñî<ðèUXOPKQHWk9ßJRV@\iMXO"V@Z9K<MXcx1O#1OK~MCc]V9aR_bdc]UA9k9¸1OPUNKCY*V@Zhc]S9JROK#tpÎ`Ï<ùVU<Ð¥Ñ/fiU<ìæpfiUÌÒ,z"
GIH@Olíî<ðnèüJRKxMNH@OIc*UNWH@c]UNKNObdc*UxegcK~MY*S9S9amJLhYrMNJLc*V@KÐsJmMxJLKx1c]MNH KQegY*aRa<YrV@ZbY*KQM{àH@OPV O"¤4hO"S9MNJRc]V}Y*a
KQS1OOPZJRK[hY*aRaROZ bdc]U1MQH@Oíî<çèáZsc]ejJmV}Y*MNOK[¼7MJLK[Y*aLKQcOK~SOPhPJqYraRaR_\c,c,ZY*M[hc]efS9aLO"MNJmV@\ ŁP7c]bL!ßhc,Z9OPK
xH@OPUNO!ÜJLK]OPUN_ aqY*UN\O]1KQJRV9hO|MNH9O^hc]efS9aLO"MNJRc]VhYrV 1O^Z9c]V9O|,_YhPJRUNhPk9JmM[xH9JRhXHaLc,c],K[aRJmO^YgMQJLOZ,`c]U
S9k9amaLZ9c	xVATY]Kc]S9S1cKNOPZMXceYrV,_K~M¢Y]\]OKlc*bhc*e|9JRV@Y*MNJRc]V}Y*aaRc\]JRh]jGIH@OjUNOKQHWk9ßJmV@\KlhY*VY*hPMNk@Y*aRam_O
ejJ ¤4OZMXc\O"MNH@O"UIxJmMNHOY]hXHhXH}Y*V9V@O"aJmVMQH@OhOPamaik@KQJmV@\YZsJm¸O"UXOPVWMjc]V@O*GIH9JLKJLKejcKQMfhc*ejejc]V9am_
k@KNO"bqk9axH@O"VYghO"aRahPc]efS9k9MXOPKc]VKQc]egOJRV9Ssk9MXK[k9KQJRV9\íî<ðnèjÌ9k9MY*aRKNchPc]S9JROKKQc]egOJRV9S9ksMXKZsJmUXOPhPMNam_
MXcc]ksMNS9k9MNKk@KQJmV@\ ñî<ðèj¼7VMNH9JRKhY*KNO]AMQH@O|V@OPksMNU¢YraRJRM`_Z9O"MXOPhPMNJRc]Vbdc]UMQH@O¿ñ î<ðnè c]k9MQS9k9MNKJRK[c]VsaR_
c]V@OSs7\pY*MXO*sxH9JRhXH£JRKV@cfc]UNKNOMNH}YrVY*V£O"¤,MQU¢Y÷"ø\pY*MNO]
V@c*MNH@O"Uhc]efegc*VhPaLY]KNKc]b#aRc\]JLhhPJmUXh"k9JRMNK[k@KNOK~H}Y*UXOPZhc]VWMNUNc]aJmV9S9k9MNKMXcS9UNc4hPOKNKe|ksaRMNJ 79JmMiIc]UNZ9K
GIH9JLKTJLKTV9c]MUXOY*aRam_Y*VW_lZ4JR¸1OPUXO"VWMbqUXc]eÂYbqk9amaqY]ZsZ9OPUGIH@OxhPc]VWMNUNc]asJRKÌ¦§k@K~M#Y*V@c]MQH@OPUJRV9S9ksM]xH9JRhXH^H}Y*S9S1OPV9K
MXc^H}YOY|aqY*UN\O[bY*V9c]k9MxMXc^egY*VW_c]ksMNS9k9MnhXH}YrV9V@OPaRKw,JmV@hOMNH9Oc*k9MNS9ksMXKic]V9am_KQS@Y*UXKQOPaR_Z9OPS1OPV@Zc]VMNH@O
JRV9Ssk9MXKtk@K~k}Y*amaR_xJRMQH^Yi9JRMCMXcn9JRMChc*UNUXOPKQS1c]V@Z9O"V@hOz"pMNH9O{VWk9e|1OPUc]b@\pYrMXOKCJRVKNO"UNJLOPKTJmVlMNH9OaLc]\]JLh(Z9c,OK~V32 M
OPhc]ejO^S9UXc*H9JR9JmMNJmO]Ônc	IO"OPUTJmbMQH@O^V,kse|O"Uc]bI9JmMXKJRKaqY*UN\OtamJRO
%þ
zMNH@Ofhc*ejS9aROPMQJLc]Vc*bxY*amaMNH@O
JRV9Ssk9MXKYrV@Zc]k9MQS9k9MXKxJRaRaCM¢YrO|egY*VW_ K~M¢Y]\OPK[JRVYh"`O"aLO"egO"V,M[MNUXOPO]xHsJLhXH Y]Z9ZsKMXcgMQH@O^hP_,hPaROlMNJmegO*©Y]K
Z9c,OKMNH@O^aLcY]Zc]VMQH@O9UXcpY*Z9hY]K~Mlc*bMQH@OjhPc]VWMNUNc]a#Z@Y*MXYsgG<c£egY*]OHsJL\]HMNHsUXc]k@\*H9S9k9MZ@Y*MXY*S}Y*MQHaRc\]JLh*
ŁŁ
JRMJRK[1OPMNMNOPUMNc9UXOY*MNH9O^Z@Y*M¢YrS}Y*MNHksS JmVWMXcegY*V}Y]\OY*9aROlhXHWk9V9,KjtS1OPUNH@Y*S@K="c]U
{
9JmMXK¢z<Y*V@ZKNO"V@Z
9k9¸1OPUNOZ hPc]S9JROKnc]bMQH@Ohc]VWMNUNc]a<MXc]]OPV@KnMXcfOY]hXH hXHWk9V9ÌxGIH9JRKh"k9MXKnZ9c	xV MQH@Oh"_,hPaLOMNJmegO*s9k9MnZ9c,OK~V32 M
hXH}Y*V@\]OMQH@OH9JL\*Hs7aROPO"a©ejOY*V9JmV@\99O¥¤4hOPSsMMNcJmVWMNUXc,Zsk@hPOO"¤,MNUXYfK~aqY]hXÌ
¬I­T~ ³&¯@¯R³=L²N² °Ç+MÅ=<¯N³ËxÅM@°ÅM@´
amMNH@c]k9\]H MQH@O|hO"aRaRKZsJRKNh"k@KNKQOZJRV£MNH@OS9UXO",JRc]k@KKQOh"MNJLc*VhY*V OKQH@c	xVMXcfOlG<k9UQJRV@\ghc]efS9aLO"MXOjtMQH@OP_
hY*V1O|MNksUNV@OPZJmVWMXcYX#c]V,!OPkseY*VsVKQM¢YrMXO|egY]hXH9JRV9O]xJmMNHKQc]egOlc]k9MNSsk9MXKbdOPZ@Y]hX MQH9UXc]k9\]H9k9¸1OPUNK
MXcjKQMXc*UXOKQM¢YrMXO	z¥ÌMQH@OP_YrUXOhPaLOY*UNam_JRV9OPâfhPJROPVWMbdc*UegY*VW_Y*S9S9amJLhY*MNJRc]V@K{ßOPUQ_k@KNO"bqk9aO¥¤,MXOPV9KQJLc*VJLKiMNH@O
Y*9JmaRJRM`_fMXcfKQWJmSY^hc*eje|ksV9JLhY*MNJRc]Vc]V YfhXH}YrV9V@OPaCc]V Y\]JR]OPV£hP_,hPaRO]GIH9JLKxMNksUNV@Knc]k9MiMXc^UNOopk9JRUNOc*V9aR_Y
bdOPÁejJmV@c]Uejc4Z4J
¡
hY*MNJRc]V@KMNcfMQH@OKNhXH@O"egOY]KxS9UNOKQOPVWMXOPZKNcbY*U
w,k9S9S1cKQO MNH@OSsUXc,hOKQKhc]efS9aROPMXOPKY*MgegcK~Mc]V9Ohc]efe|k9VsJLhYrMNJLc*VS1OPUh"_,hPaLOc*VMNH@Oc*k9MNS9ksMXKi9k9M
Y*aRIY_,KiUNOhPOPJR]OKY*aRaJRMXKJmV9S9k9MNK#GIH@Oluxwsyc]k9aRZ1O]Ö
íiò é
×
Î;ù@ì¥è|ùìÝmÝ Ý Ð
Îfln UCtfl@ììÝ ÝmÝz76©ýw tfl@ìÝmÝ Ýz2ÎÒÚQn UCtfl@ììÝ ÝmÝz76©ý >Ł©Ò@ì
Îfln Ìtfl@ììÝ ÝmÝzQ6ý :fifftfl@ìÝmÝ Ýz2ÎÒÚQn Ìtfl@ììÝ ÝmÝzQ6©ý >Ł©Ò@ìÝ ÝmÝ
Ò
[Kk@K~k}Y*a7©OfhY*VUXOPKQHWk9ßfOjMQH9JLKamJR]O¿ñ î<ðnèjTíî<ðèj<c]Uíî<çèfGIH@OKNOPaROh"MNJLc*VK~M¢Y*MNOPejOPVWMXKbdc]U
MNH@Oc]k9MQS9k9MNKjO¥¤4S@Y*V@ZJmV,MNcO"¤4hPamk@KQJmO KQOPaROhPMQJLc]V9Kbdc*UjKQOPMQMNJRV9\ MQH@O£c*k9MNS9ksMjUXY*JRaRK(S9aRk9KgYV@OPhY]KQObdc]U
S9UXc,Zsk@h"JRV@\V@cc]k9MNSsk9MYrMY*ama@c]VjMNH@OnhXH}Y*V9V9OPa7( Zsk}Yram7UXY*JRa4O"UXKQJRc]Vc]bAíiòxJRMQHYlíî<çèºUNOK~H,ksßfJmV@\JRKÖ
×
ÎWÎfln UCt;ì¥èjìÝ Ý Ý zCê£Ú$Ø{ê/
'
t;ì¥èjìÝ Ý zQ6©ý8
'
Ù
Î Òrn UCt;ì¥èjìÝ Ý Ý zCê£Ú$Ø{ê/
 
t;ì¥èjìÝ ÝmÝzQ6©ýw
 
Ù
Î ÒÚBn UCt;ì¥èjìÝ ÝmÝzQ6©ý >Ł©Ò@ì
Îfln Ìt;ì¥èjìÝmÝ Ý zCê Ú*Øê(ff
'
t.ì¢èjìÝ Ý z76©ý 
'
Ù
Î Òrn Ìt;ì¥èjìÝmÝ Ý zCê Ú*
Ø
ê(ff
 
t.ì¢èjìÝ ÝmÝz76©ý 
 
Ù
Î ÒÚBn Ìt;ì¥èjìÝ Ý Ý zQ6©ý >Ł©Ò@ìÝ ÝmÝ Ð
iØÙWì¢èØÙWìÝ ÝmÝ Ð
÷"øCÛWÐ
Î.
Ø
^
Ú9('(êÚ9
 
6Aý8('ÛWìfl
 
ÛrÒ@ì1Î?
Ø
^
Ú*='(ê Ú/
 
6©ý @'ÛWì,
 
ÛrÒ@ìÝ ÝmÝ ì
Î§ÚAB'{ê£Ú$
 
6Aý 
Ø
ÛrÒ}ìÌÎ~Úè)'(êÚè
 
6©ý è
Ø
ÛrÒ@ìÝ Ý ÝmÐ
÷"øCÙ
Ò
!c]MNOMQH}Y*MMQH@OlUXOPKNO"MNMNJmV@\c]b(MQH@O|c]ksMNS9k9MhXH}Y*V9V@O"aLK= Y*V@Z/e|k@KQMY]hhPc]ejejc,Z@Y*MXOMNH9O|hY]KQOKxH@O"V
MNH@c]KNOghXH@Y*V9V@O"aLKOPUNOPV32 M|k@KQOZ© w,JmV@hOMNH@O"_S9UXc,Zsk@hPOZV@c c]k9MNSsk9MXKPTMNH9OP_ e|k@KQMV@c]MIY*JRMbdc]UMNH@OjY]h"
WV@c	xaLOZs\OKPx[Z9ZsJmV@\JRVMNH@O^Ú9('{ê Ú$
 
MNOPUNejKixJRaRaAY*aRaRc2 MNH9OIY*JRMiMNcf1OhPc]efS9aLO"MXOZ*Y]hPk9c]k@KQam_¼7M
Z9c,OKQVY2 MY]h"MNk}Y*amaR_\OPV9OPU¢YrMXOiY*VW_|S9UNc4Z4k@hPMQJLc]VUNksaLOKP(GIH9JRK#ÔwsÕhY*VOxhPc]efS9JRaROZ|JRVWMNcS9UXc,Zsk@h"MNJLc*VfUQk9aLOPK
9k9MiMNH9OPUXOY*UNOKNc]ejOMNUQJLhXW_Z9O"M¢Y*JmaLK
VJmV,MNOPUNOKQMQJRV@\^hXH9c]JLhPOY*UNJRKNOKbqUNc]eáMNH@Ok@KQOc]b<MNH@O/>Ł>ŁhY*k9KNOKxV@c|WJRKQJRsaLO[hXH@Y*V@\OJRVKQM¢YrMXO]
KNcMQH@O£V9O"¤,MKQMXY*MXO"egO"VWMXKgJmVKNOPopk@OPV@hPOt;
Ø
ÙWì¥è
Ø
ÙWìÝmÝ Ý z|e|k@K~MY]h"MNk}YraRaR_aRc4c*ZsJRUNOh"MNaR_Y*MfMNH9O£1c4c]aROY*V
O"¤,S9UNOKNK~JLc]Vbdc]UÚQn UCt;ì¥èjìÝmÝ Ý zAY*V9ZÚQn 1t.ì¢èjìÝ ÝmÝz1JRVY]Z9Z4JRMNJRc]VMXciMNH9O{c*k9MNS9ksMCUXY*JRaRK3('	ìfl
 
ì,='ì,
 

Ł
þ
GIH@OlhPc]efS9aLO"MNJLc*V£hPc]V@ZsJmMNJRc]V£bdc*UKQOPMQMNJRV9\jMNH9Oc]ksMNS9k9MNKc]k9aRZ£1O÷"øê t('
^

 
^
ÚQn UTt.ì¢èjìÝ ÝmÝzNzTê
t? '
^

 
^
ÚQn Ìt;ì¥èjìÝ ÝmÝzNz¥(Ôc	OP]OPU@MQH9JLKO"¤,S9UXOPKNK~JLc]VhYrV9V@c]M1O[k@KQOZZsJmUXOh"MNam_fJmVMNH9O\]k}Y*UNZ9KIbdc]U
iØÙ^Y*V@ZèØPÙW1K~JRV@hPOJRbc]V@O
¡
UXOPZ
¡
UXK~MÌJRMnhc]ksaLZZ9OPKQMXY*9JRamJL¨POMQH@Olc*MNH@O"UtvGIH9JRKnc]k9aRZ Ic*UNJRbAiØY*V9Z
èØiIO"UXOhc]e|sJRV@OPZJmVWMXcc]V@OY]hXWV@c	xaLOPZ9\O* z
 1OPMNMNOPUfY*SsS9UXcpY*hXH¿JRKlMXcJmV,MQUXc,Zsk@hPOYV@OPá*Y*UNJLY*9aLOfMXcUNOPS9UNOKNO"VWMjMQH@O ÚQn UY*V@ZÚQn  hY]KQOKP
w,k9S9S1cKQOIIO{UXO"S9aqY]hPOZlMQH@OZ>Ł92 KTxJmMNHø\ UAÙiY*V@Zjø\ @ÙW*UNOK~SOPhPMNJmO"aR_Y*V@Z^Y]ZsZ9OZø\ UAÛMXcffi('ÛWì>
 
Û
Y*V@Zø\ @ÛxMXch ' ÛWì,
 
ÛWv!c	MNH@OS9UXc,Zsk@h"MNJLc*V|UNk9aROKY*UXOKQJRefS9am_S9UXc,Zsk@hPOZY]KJmb+ YrV@ZIO"UXOŁP7c]bL
%
hXH}Y*V9V9OPaLKxJmV@KQMNOY]Zc]bŁP`c]bL
þ
,O"¤4hO"S9MMQH@OO"¤,MNUXYUXY*JRaZ9c,OKQVY2 MnhXH@OPhXMQH@OUNJR\]HWMiY]hXWV@c	xaLOPZ9\O]}c]UsJRVbY]h"M
aLOY	]OMNH@OhO"aRav
»TJRV@Y*aRam_pMNH@O"UXOY*UNOegY*VW_hY]KNOPKnOPUNOKQc]ejOO"¤,S9UXOPKNK~JLc]V£c]bCMNH@Oc]k9MQS9k9MNKiJRKxKQk9âfh"JLOPVWMiMXc^S9UNc4Z4k@hOMNH@O
c]k9MQS9k9Mnhc]efS9aROPMNJRc]VO¥¤4SsUXOKQKQJRc]V xJmMNH@c]ksMUXO"bdOPUXO"V@hOMXc^MQH@OJRV9S9ksMXK{»@c]UJmV@KQMXY*V@hPO]9JRbCc]V9OJmV9S9k9MxJRKk@KNOPZ
MXcZsOhPJRZ9OgJmbnY hO"UNM¢YrJRVc]ksMNS9k9MlJLKk9KNOZ#sk9M|JLKlY*aLKQchc*S9JLOPZMXcY*V9c]MNH@O"U|c]ksMNS9k9MMNH@Oghc]S9JROZc]ksMNS9k9M
hc]ksaLZOk@KQOZ MNcjhXH@OPhXMNH@Ohc]efS9aROPMNJRc]Vc]bTMNH@Oc]S9MQJLc]V@Y*a<c]k9MQS9k9MIw,JmejJmaqY*UQaR_WJRbCM`cgc]k9MQS9k9MnhXH}Y*VsV@OPaRK
Y*UXOk9KNOZ£O"¤4hPamk@KQJmO"aR_@K~k@hXHMNH}Y*Mic*V@Oc]UxMNH@Oc*MNH@O"UnxJmaRa1Ok@KQOZOY]hXH hP_,hPaRO]9MQH@Ohc]efS9aROPMNJRc]Vbdc]Ux1c]MQH
JLK¦§k@K~MiMNH@Oc]Uic]bTOY*hXHc]V@Or2 KihPc]ejSsaLOPMQJLc]V©
GCc|Ssk9MxMNH9JRKxZsJLKQhPk@KQKQJRc]VJRVWMXc|S9UXY]hPMQJLhPO]sOxJRaRaÌJRefS9aROPejOPVWMxYX;¥@Ylbqk9V@Z9Y*egO"VWM¢Y*a©UNc]k9MQJRV@\|S9UNc4hPOKQK
xH9JLhXHk@KQOKc]V@Olhc]VWMNUNc]aJmV9S9k9MMNcUXc]ksMXOYZ@Y*MXYgJRV9Ssk9MMXcc*V@O^c]b#M`Icc]ksMNS9k9MhXH}Y*V9V@O"aLKP|GIH@O^K~JRefS9aLO
c]V@O¥79JmMuxwsyJLK[Í(Î~æùrpì¥Ï<ùVUCÐÌÎ~Ú5ýw=U ÎvÒ}ý èUÌÒ,Ò@{GIH@Olíî<ðèÂUXOPKQHWk9ßJRV9\jJLKPÖ
íî<ðè æ4í#Ïé
×
ÎWÎ;B[ê æ
'
ê£Ï
'
6©ý 
'
Ù@ÎÒB[Cêæ
'
ê£Ï
 
6©ý 
 
Ù@ÎÒ	æ
 
6©ý >Ł©Ò@ì
Î7è&[Têæ
 
êÏ
'
6©ý è
'
Ù@ÎÒPè&[Cêæ
 
êÏ
 
6ý è
 
Ù}ÎÒ2æ
'
6Aý >Ł©Ò@Ð
æ4Ï\["ÛWÐ
Î§ÚAQ[
^
ÚA
'
ê£Ú$
 
6Aý 
'
ÛWì-
 
ÛrÒ@ì
Î§Ú(è
[
^
Úè)'(ê Úè
 
6Aý è)'ÛWì¢è
 
ÛrÒ@Ð
æ4Ï\["Ù
Ò
GCcSsUXc,Zsk@hOMQH@OS9UNc4Zsk9hPMNJRc]VUNksaLOKP(IO
¡
UNKQM^V@c*MNJLhPOgMNH@Y*M|MNH9O
¡
UXK~M^M`IcKNO"aLOPhPMNJRc]V¿KQMXY*MXO"egO"V,MNKY*UXO
WV@c	xVMXcg1O
¡
V9JRKQH@OPZ xH@O"VG
'
^

 
^
è
'
^
è
 
ÔnOPV@hPO]MQH9JLKnxJRaRa<1Ok@KQOZY]KMNH@O\]k}Y*UNZ bdc]Ulæ4Ï\[¢ÛW
GIH@O9k999aRO"vUXOK~HWk9ßfOZ£SsUXc,Zsk@hPMQJLc]VUQk9aLOPKYrUXO]Ö
æ
'
^
æ
 
ÏY'
^
Ï
 
æ4Ï
[
ê(
[
êæv'#êÏY'
æ4Ï
[
ê(
[
êæ
'
êÏ
 
æ4Ï\[<ê(B[Cêæ
 
êÏ
'
æ4Ï\[<ê(B[Cêæ
 
êÏ
 
Ú 
'
Ú 
 
Ú è
'
Ú è
 
Ú æ
|
êÚ Ï
|
Ú 
'
^
Ú 
 
^
Ú è
'
^
Ú è
 
nè
|
êæ4Ï
|
ý æ
|
Û
ý Ï
|
Û
ý 
'
Û
ý 
 
Û
ý è
'
Û
ý è
 
Û
ý 
'
Ù
ý 
 
Ù
ý è&'Ù
ý è
 
Ù
ý æ4Ï
|
Ù
ý nè
|
Ù
ý æ4Ï\[¥Û
Ł
%
Ú{æ ' ê Úæ
 
ÚÏY'#ê£ÚÏ
 
Ú{æ4Ï\[Tê£ÚAQ[
Ú{æ4Ï\[Tê£ÚAQ[
Ú{æ4Ï\[Tê£Ú(è=[
Ú{æ4Ï\[Tê£Ú(è=[

'

 
è
'
è
 
æ|ê Ï|

'
ê 
 
ê è
'
ê è
 
Ú$nè
|
ê Ú{æ4Ï
|
ý æ|*Ù
ý Ï|*Ù
ý 
'
Ù
ý 
 
Ù
ý è
'
Ù
ý è
 
Ù
ý B'Û
ý 
 
Û
ý è ' Û
ý è
 
Û
ý æ4Ï
|
Û
ý nè
|
Û
ý æ4Ï\[¢Ù
GIH@OhPJmUXhPksJRMxJLKxK~H@c	xV JmV»TJL\]ksUXO@"9
L1
A0 A1 B0 B0
Ae Be
SLe SLe
Ae
SLe
S1
L1L0 L0
C
C
Sv
SLv
L0
L1
S1
S0
Lv
ABv
SLe
B0
B1
A1
A0
A0 A1 B1 B1
SLe
S0
Be
»TJL\]ksUXOM"9Ö{y{uÔ[û w4y_A¼§G
¬I­ ³&¯@¯R³=L²N² ÇÌ±vL7¯N³Ë¶¯Q³°ÅM@´
¼7MJLKIY*aLKQclH9JR\]H9aR_k@KQOPbqk9aMXcl1OY*9aRO[MXclhc]V@Z4JRMNJRc]V}Y*amaR_|UNOY]ZJmV9S9k9MNK5!nc]UNegY*aRam_^MNH@O[hc]V@Z4JRMNJRc]VgJRKIUXOY]ZJRV
c]VY|KNO"S}Y*UXY*MXO[ksV@hc]V9ZsJRMQJLc]V}YrahXH}YrV9V@OPavs9k9MIJRV\O"V@OPUXY*a©JmMIhPc]k9aLZ1OY*VW_gO"¤,S9UXOPKNK~JLc]Vc]bAMQH@OU¢Y*JmaLK{c]b<MNH@O
JRV9Ssk9MXKP{ãuxw4yMXOPefS9aLY*MXO[bdc*UxM`_,S1Oc]bhPOPama©MNH9JRKIc*k9aLZO*Ö
Łf"
íóé
×
ÎWÎ>n }t  ì èlzQ6©ý nùAÎÒrø\ }t ì è|z76©ý gÖ
d 
ø

	÷	~Ò@ì
Îfln pt ì è|z76©ý è|ù9ÎÒrø\ pt ì èlzQ6©ý Ö
dw
ø

	÷	~Ò@ìÝmÝ Ý Ð
 Ttfl@ìÝmÝ Ý z¥ì,Ffft	}ìVpÝ Ý Ý z¥ìÝmÝ Ý
Ò
GIH@O ÀJmV£MQH9JLKihPc]VWMXO"¤,MnUXO"bdOPUXKnMXcjYSsUXc]1Oc*bTMQH@O*Y*amk@Oc]b5@V@c]M#¦§k@KQMnJRMNKiY]YrJRaqYr9JRamJRM`_GIH9JLKiJLKxV@c]M
KQMXY*V@Z@Y*UNZJmV¾uxw4yT<9k9MJLKYk9KNOPbqksaO¥¤,MXOPV9KQJLc*VxH9JRhXHJLKOY]KQJmaR_JmejS9aROPejOPVWMXOPZJRVÔwsÕxCûY]K~JLhY*aRam_AMNH@O
c,c]aROY*V@Kbdc]Uyn @bn ø\ }#Y*V9Zø\ egY_JRV@K~SOPhPMlMQH@OgUXY*JRaRKc*b]áY*V9ZèffiJRV¾c]UXZ9O"UlMNc Z9OPhPJLZsO
xH@OPMQH@OPUMXcY]hPMQk}Y*amaR_lUNOhPOPJR]OnbqUNc]e MQH@OhXH@Y*V9V@O"aLK#GIH9OKQOPaLOPhPMQJLc]VjKQMXY*MXO"egO"V,MNK{xJmaRa@K~k@KQS1OPV9Zgk9VWMNJma}OPJRMQH@OPU
n gc*Uø\ Y*UNOMNUNk9O]GIH@OKQOlO"¤,S9UNOKQKQJLc*V@K[YrUXOUXOPoWksJRUXOPZ£MNc1OKQMXY*9aLO*Ð9MNH}YrMnJRK}Y]KnY]ZsZsJRMQJLc]V}YraJRVsS9k9MXK
KQH@c	ÀksSA9MNH@O"_egY	_gV@c]Mx1Ohc*egObY*aRKNOY]KiY^UXOPKQk9amM
»@c]UMNH@OjÔw4ÕiAJmV@KQMNOY]Z c]bxY*KNKQJR\]V9JmV@\

ø

	÷	MNc YrVJmV,MNOPUQV}Y*a(*Y*UNJLY*9aRO]©MNH9O&YrV@ZGffO"¤,S9UNOKQKQJLc*V@K
xJRamaAO"¤sY*efJRV@OMQH@OJRV9S9ksMXKnZsJRUNOhPMQaR_]GIH9OUXOPKQk9amMXKic]bTMNH@OXn < 4ø\ Y*V@ZGn Ł ,ø\ O¥¤,S9UXOPKNKQJRc]V@Kne|k@KQM
OfaqY*MNhXH@OZJRVWMXcJRVWMXO"UNV}Y*a{*Y*UNJLY*9aROK

Y*V@Zc¡ÌKNc MQH}Y*M*áY*V9ZèffiegY	_1OY*hX,V9c2xaROZ9\]OZJRVS}Y*U¢YraRaLO"a
xJRMQH@c]k9MiZ9OPKQMXY*9JRamJL¨"JRV@\lMQH@O\]k}Y*UNZ9Kic]bQn Y*V9ZMQH@OaRJmO]#GIH9O|íî<çèÜ]OPUXK~JLc]V c]bCMNH@OÔw4ÕJLKPÖ

'ÛWì

 
ÛWìf¡'PÛWìf¡
 
ÛWìÝmÝ ÝmÐ
×
ÎWÎ¢
'
t.ì¢èjìÝ ÝmÝz76©ý 
'
Ù}ÎÒ
 
t.ì¥èfìÝmÝ Ýz76Aý8
 
ÙrÒ@ì
Î;ff
'
t;ì¥èjìÝmÝ Ý zQ6©ý 
'
Ù@ÎÒxff
 
t;ì¥èjìÝ ÝmÝzQ6©ý 
 
ÙrÒ@ìÝ ÝmÝ ì
Îfln }t;ì¥è|zQ6©ý

 
Ù}ÎÒrø\ }t;ì¥è|zQ6©ý

'ÙrÒ@ì
Îfln pt;ì¥è|z76©ý ¡
 
Ù}ÎÒrø\ pt;ì¥è|zQ6©ý ¡
'
ÙrÒ}ìÝmÝ ÝmÐ
Î

 
6©ýwiØÙ@ÎÒ

'
6Aý >Ł©Ò@ì
ÎR¡
 
6©ý è
Ø
Ù}ÎÒŁ¡'b6©ý >Ł©Ò@ìÝ ÝmÝ Ð
÷"øCÛWÐ
Î.
Ø
6©ý8
'
ÛWì>
 
ÛrÒ@ì1Î?
Ø
6ý 
'
ÛWì,
 
ÛrÒ@ìÝ Ý Ýmì
t

'
ÛWì

 
ÛWÐÂÎ§ÚA
'
êÚ$
 
^
Ú$iØ]6©ý xØÛrÒ,z"ì
tR¡
'
ÛWìf¡
 
ÛWÐãÎ~Úè
'
ê Úè
 
^
ÚèØ]6Aý èØÛrÒ,z¥ìÝmÝ Ý Ð
÷"øCÙ
Ò
w,JRefJRaLY*UNam_jMNcMNH@Olhc]V@Z4JRMNJRc]V}Y*aCc]ksMNS9k9MÔwsÕxMQH@O|\]k}YrUXZ9K[bdc*U=xØÛfY*V@Z èØÛjY*UNOlOY*]OPV@OPZ MNcY*aRaRc2
MNH@O|*Y]h"k@c]k@KhY]KNO*lnaLKNcs1MNH9OX>ŁY]\Y*JRVS1cKQOKYgS9UNc]9aLO"e 1KQJmV@hO|JmMeYrOKV9chXH}Y*V@\O|JmVMNH@OlKQM¢YrMXO]
Ôc	OPO"UxJmMNH MNH@O

'
Y*V@Za¡
'
*Y*UNJLY*9aROKJRMJRKScKQKQJm9aLO^MXcJRVsbdOPUMNH9OjK~,JmS¾YrV@Z\O"V@OPUXY*MXOMNH9OfhPc]UNUNOh"M
\]k}Y*UNZ^bdc]U[÷"øC#½[VfMQH@OxUXOPKNOPM#S9H@Y]KNO*WMQH@O

Y*V@Zt¡e|k9KQM(UXO"MNk9UQVjMNcMNH@OV@O"k9MNUXY*a}KQMXY*MXO*(GIH@O"UXOnY*UXOxKQOP]OPU¢Yra
S9aqY*hOKMNcSsk9MMNH9JRKA9k9MMNH9OfK~_WejejOPMQUNJLh|SsaqY]hPOPejOPVWMxH9JLhXHKNOPoWk9OPV@hPOKlMQH@OPe xJmMNH MNH@O
Ø
ÛYrV@Z¾è
Ø
Û
KQJmejS9amJ
¡
OPKIMNH9Oy54w1
¼7VegY*VW_ghY]KNOPKsMQH9JLK\OPV@O"U¢Y*a1MXO"ejS9aLY*MXOnhYrVO\*UXOYrMNaR_fK~JRefS9aRJ
¡
OZ©T»@c]UIJmV@KQMXY*V@hPO]4Jmb<Y|KNO"Mxc]bAk9V9hc]Vs
ZsJRMQJLc]V@Y*aTJmV9S9k9MNKhc*ejS9aROPMNOPaR_£hc*V,MQUXc]aRK[MNH9O^hc]V@Z4JRMNJRc]V@K[bdc*UUXOY]ZsJRV9\MNH@O^c]MQH@OPUNK©MQH@OKQOfhY*VO|MQH@c]k@\*H,M
c]bCY]KIMQH@OµQhPc]VWMNUXc*aL·JmV9S9k9MNK(¼7b<U¢YrJLKQJmV@\MQH@OY]hXWV@c	xaROZ9\OPKic]bAMNH@O]YrUNJLc*k@KJmV9S9k9MNKIJLKKNOopk@O"V@hOPZ KQc|MNH}Y*M
MNH@OhPc]V@ZsJmMNJLc*V}Y*ac]V@OK^S9UNOhPOZ9OMNH@OhPc]VWMNUNc]aic]V@OPK#MNH@O"VMQH@O*Y*UNJLY*9aLOPK

Y*V@Z£¡ egY_1OOPaRJmejJmV}Y*MNOZ
xJRMQH@c]k9MihY*k@KQJmV@\KQMXY*9JRamJRM`_S9UNc]9aLO"egKP(aRKNc|JRVKQc]ejOhY]KQOKiMNH@O

Y*V@Z¡jegY_g1OKQk99KQMNJmMNk9MNOZxJRMQH YrV
O"¤,S9UNOKNK~JLc]V c]bCMNH@Oc]k9MQS9k9MNK9JRV9KQMXOY]Zc]bK~MXc]UNOZKNO"S}Y*U¢YrMXOPam_
[KYhc]V@h"UXO"MXOgO¥¤sY*ejSsaLO]AOjZsOPUNJmOMNH@Oh"JRUXh"k9JRMbdc]UMQH@Ot¤g÷¦¥.ff,÷SsUXc,hOKQKCxH9JLhXH UXO"OPUNKNOPKlMNH@Oy;
c]bxMNH9OgaqY]K~M|KQOhPMQJLc]VW_hc]V@Z4JRMNJRc]V}Y*amaR_UNOY]Z4JRV@\c*V@Oc]bxM`cZ@Y*MXY JRV9S9ksM|hXH}Y*VsV@OPaRKt;úYrV@Z¿è|zMNcMNH@O
Ł
g
KQJmV@\]aLOc]ksMNS9k9MnhXH}YrV9V@OPaÑã}Y*KNOZ c]VYfhc]VWMQUXc]aAJmV9S9k9MåãIGIH@O^uxwsyJRKÍ(Î7åÁù§¤Ð1Î§Úp¤¶ý ùVUÎ7Ò,¤«ý
è|ùVU1Ò@Ð>fiUÌÒ@fÔOPUNOfO^k@KNOMNH9OfK~JRefS9aRJ
¡
hYrMNJLc*Vc]bIY]hXWV@c	xaLOZs\]JRV@\MNH9OfZ9Y*M¢YJRVsS9k9MXK) Y*V9Z¾èO"bdc]UXO
MNH@OhPc]VWMNUXc*aAJRV9S9ksMåã{GIH@Oíî<ðè UXOPKQHWk9ßJRV@\JLKPÖ
íî<ðè åt¨#Ñ/©5¨Üé
×
ÎWÎ.t[Têt7å ' ê( '
^
å
 
ê£è ' zB6ýw ' Ù@ÎÒD[Tê två ' ê(
 
^
å
 
ê£è
 
zQ6ý 
 
ÙrÒ@ì
Î7å ' 6ý 
[
Û@ÎÒPå
 
6©ý è
[
ÛrÒ}Ð
å [ ÛWÐ
Î§Ú$ [ 6©ýwt'ÛWì>
 
ÛrÒ}ì
Î§ÚA ' ê£Ú$
 
ê Úå '
^
Ú$B[Q6AýwQ["ÙrÒ@ì
Î§Ú(è ' êÚè
 
ê Úå
 
^
Úè&[76©ý è&[¢ÙrÒ@Ð
å£[¥Ù
Ò
ÂK~k99MNaRO|KQJmejSsaRJ
¡
hY*MQJLc]Vk@KQOZH@OPUNO|JLKnMXcgegY*O: [ ÙfY*V@Z è [ ÙjhXH9OhXMQH@O|hc*UNUXOPKQS1c]V@ZsJmV@\£Úå 'Y*V9Z
Úå
 
GIH9JLK^UXOPZsk@hPOKjMQH@O\]k}Y*UNZhPc]V@ZsJmMNJRc]Vbdc]Ujå£[¥ÙYrV@Z¿egY*]OKMNH@OUXOPKNO"MjS9H@Y]KNOKQ_WefegO"MNUNJRhxJRMQH
MNH@OKNO"M[S9H}Y*KNO]xàOZscgKNc*egOZ9OhPc]ejS1cK~JRMNJRc]VMXcgY]Z9Zh
|
1è
|
ÌY*V@Zh
|
MNcgZ9cf*Y*aRJRZsJRM`_Y*V@Z V@O"k9MNUXY*aRJmM`_
hXH@OhX,KPIbqMNOPUi9k9s9aLO¥7UXOPKQHWk9ßJRV9\99MNH@Oy54wJRKÖ

'
^

 
è
'
^
è
 
Ú 
|
Ú è=|
å
[
êt
[
êt7å '(êtB'
^
å
 
êè)'¢z
åm[CêtD[Têt7å
'
êt
 
^
å
 
êè
 
z
Ú 
'
Ú 
 
Ú 
'
^
Ú 
 

|
êå
'
êy
|
è
|
ê£å
 
êt
|
Ú$
[
^
Úè
[
å
[
ý Q|]Û
ý è=|]Û
ý 
|
Ù
ý è
|
Ù
ý 
'
Û
ý 
 
Û
ý 
'
Ù
ý 
 
Ù
ý 
|
Ù
ý B[¥Û
ý è&[¢Û
ý å
[
Ù
ý å
[
Û
Ú$B'#êÚ$
 
Úè
'
ê Úè
 
7|
è
|
Úå£[Cê Ú9t[
Úå£[Cê Ú9t[

'

 

'
ê 
 
Ú$
|
êÚå '(ê Ú9
|
Úè
|
ê Ú(å
 
ê Ú$
|
Q[Têè&[
Ú å
[
ý 7|Ù
ý è=|*Ù
ý 
|
Û
ý è
|
Û
ý 
'
Ù
ý 
 
Ù
ý 
'
Û
ý 
 
Û
ý 
|
Û
ý 
[
Ù
ý è&[¥Ù
ý å
[
Û
ý å£[¥Ù
ŁVi
[Kik@KQk@Y*a<bdc]Uíî<ðè/UXOK~HWk9ßJRV@\KPÌejcK~Mc*bMNH9Oc]UQJRKiZ9c]V@OJRV Y^aqY*UN\OV@OPM`c]UQ£c*bV MQU¢Y*V9KQJLK~MXc]UNK
GIH@OhPJRUNhPk9JmMJLKxK~H@c	xV JmV »CJL\]k9UNO
g

Me
C
C
Me
X0
Xe
Me
X0 X1A1B0
A0 B1
M1M0
Xe
Me
X1
A0
A1
Av
B1
B0 Bv Bv
Av
X0
X1
Xv
M1
M0
Ae
Be
»TJL\]ksUXO
g
Ö#y{uÔû j£Õ4
ä
Õ
¬I­Rª «s³bs±ÇÌ³@LI²´<}Ls±
½[V@O
¡
V}YraO¥¤4MNOPV@K~JLc]VMNclMNHsJLKIZsOKQJR\]VK~M`_,aRO[JLK#MNH9OY*9JmaRJRM`_lMXc|K~MXc]UNO[JRVWMXO"UNV}YraK~M¢Y*MNObqUXc*eúc*V@OhP_,h"aLO[MNclMNH@O
V@O"¤,M{ÜuxwsyMNOPefS9aqYrMXO[bdc]UnY^K~M¢Y*MNOH9c]aLZsJmV@\|S9UNc4hPOKNKixJRMQHKQM¢YrMXO*Y*UNJLY*9aLO&JRKÖ
íxôé Ö
d
qø,¬? Ð
×
Î;ù@ìè|ùpìÝ Ý ÝlÐ Ttì}ìVpìÝmÝ Ý z¥ìfifftpì@ììÝ ÝmÝz"ì¾Ý Ý ÝmÐ­Ö
dS®
tpìV}ììÝ Ý Ý z~Ò
GIH9JLKhY*V OJRefS9aLO"egO"V,MNOZJRVY*Y*UNJROPM`_c]bIY_4KPGIH@O|K~JRefS9aLOPKQMÌxH9JRhXHUXOPopk9JRUNOK[V@cjV@OPßh"JRUXh"k9JRMNK
JLKMNc¿bdOPOZÁY*V c*k9MNS9ksMc]b^Y¾V@c]UQeYraS9JRS1OPamJRV@OPZhO"aRa}Y*hX Y*UXc]ksV@Z MNc¿Y*VÁJmV9S9k9MWJqYKQOPO"U¢Y*a9ks¸O"U
KQMXY]\OKP{½[V@Oic]bMQH@OKQOnbdOPOZs}Y*hXfsk9¸O"UXK#JLK(JRVsJRMNJLY*aRJR¨OPZlhc*V,MXY*JRVsJRV@\YMXc]]OPVgxJmMNHMNH9On*Y*amk@Oic]b1MQH@OiJRV9JmMNJqYra
KQMXY*MXO*ÕV@c*k@\]H9k9¸1OPUNKe|k@K~M[1Olk@KNOPZMXcYc]JRZZ9OY]ZsaLc,hXÌAY*V@ZO"O"Vejc]UXOlY*UXOV@OOPZ9OZMXcjeYr¤,JmejJR¨O
MNH@OMQH9UXc]k9\]H9S9k9M tvY*KfZ4JLKNh"k@KNKQOZ¿JRVhXH}Y*S9MNOPU
þ
z"¿GIH@O"UXOPbdc*UXO]MNH9JRK^KNc]amk9MNJRc]V¿hY*V¿Oopk9JmMXOaqY*UN\O]¿»@c]U
hc]VWMQUXc]axh"JRUNhPk9JmMNUN_txH9OPUXOYrUXOY JRKlaLOPKNK^c]bY*VJRKNKQk9O	zMNHsJLKlJRK|c]bqMXO"V¿Y]Z9OPoWk@Y*MXO*[KYrVY*Z9Z9OZ1OPV@O
¡
M
MNH@O^bdOPOZbdc]UNIY*UXZS1c]UNMQJLc]Vc*bMQH@OKQM¢YrMXO|egY]hXH9JRV9O^hY*V O|JmejSsaLOPejOPVWMNOZY]KKNO"O"U¢Y*a{KNOPopk@OPVWMNJLY*a#KQMXY]\OPK
c]bS9JmSO"aRJmV@OZaLc\*JLh]9xHsJLhXHhPc]UNUNOKQS1c]V@Z4JRV@\]am_UXOPZsk@hOPK[MNH9OVWk9e|1OPU[c]bbdOOPZs}Y]hX9k9¸1OPUNK[V@OPhOKQKXY*UQ_Y*V9Z
Y*aRaRc	iKIbY*Uiegc*UXOhPc]ejSsaRJLhY*MXOPZbqk9V@h"MNJLc*V@K
[K~JLZ9OlbqUNc]effik@KQJmV@\bdOOPZs}Y]hXsk9¸O"UXKP<MQH@OPUNOY*UXOMNH9UNOO|egY*JRVY*S9S9UNcpY]hXH@OPKMNcUXO"M¢Y*JmV9JRV@\gKQM¢YrMXO]c]b#JRVs
hPUNOY]K~JRV@\\O"V@OPUXY*aRJmM`_^Y*V@ZhPc]ejSsaLO"¤,JmM`_»CJRUXK~MS9JmSO"aRJmV9JRV@\hXH}Y*V9V9OPaLK(W_|MQH@OPejKNO"aROPKK~MXc]UNOiKQM¢YrMXO]ÓKQk@Y*aRam_
Łk
MNH@OPKNO*Y*amk@OKIejc	Obdc]UQYrUXZZ9c	xVMNH@OS9JRS1OPamJRV@O*,S}Y*KNKQJmV@\|MNHsUXc]k@\*HOY]hXHKQMXY]\Oc*V9aR_jc]V@hPO]#Ôc	OP]OPU@Jmb
YgKQMXY]\O|k@KQOK9ksMZ9c,OK[V@c*MY]hXWV@c	xaLOPZ9\O|JRMNKJmV9S9k9M1MNH9OlJRV9Ssk9M*Y*aRk9OxJRamaCKQMNJmaRaCOMNH@O"UXO|c]VMQH@OlV@O¥¤,M
hP_,hPaRO]{Õ(KNKQOPVWMNJLY*aRam_4MQH@OMXc*OPVJLKIKQMXc*S9SOPZ YrV@ZKXY*efS9aLOPZeYrV,_jMNJmegOPK¼7V uxwsyC9MNH9JRKhY*V1OO"¤,S9UNOKNKQOZ
xJRMQHfMQH@OS9UNc]Oic]b}MQH@Ox]YraRk@Oxc]b}MQH@OihXH}Y*V9V@O"a7hPc]V@ZsJmMNJRc]V}Y*a4JRV9S9ksM(M`_,S1Oic]bÌhPJmUXhPksJRM(JLKTk@KNOPZ©,xHsJLhXHk@KNOPK
Y*VJRV9S9ksMxMXc^S9UXc,Zsk@hPOc*k9MNS9ksMXKxxJRMQH@c]k9MY]hXWV@c	xaLOPZ9\]JmV@\^MNH}Y*MiJmV9S9k9M#GIH9JLKxMXOPhXH9V9JRoWk9OlhYrV£1Ok@KNOPZbdc]U
hO"UNM¢YrJRVS9UNc]9aROPejK»}c*UO"¤sY*efS9aRO]1YjaLc,c]S ksV9UXc]amaLO"U[hPc]k9aLZM¢Y*]O^Y*VJmV@KQMQUNk@h"MNJLc*Vc]VMQH@OlJmV9S9k9MhXH}Y*V9V9OPa7
Y*V@ZS9UNc4Zsk9hO|egY*VW_ hPc]S9JLOPKc]b#JRM[c]VY*Vc]k9MQS9k9MhXH}Y*VsV@OPa(}Y*KNOZc]VYhPc]VWMNUXc*aJRV9Ssk9Ml½[bhPc]k9UNKNO]©MQH9JLK
M`_WSOc]bKQM¢YrMXO*Y*UNJLY*9aLOhY*VV@O"OPUn1OKQOPMÌc*V9aR_jUXOY*Zc*V@Oc]Uxegc*UXOMNJmegOPKbqUXc]eY*VJRV9S9ksM
¼7bAMNH@O[KQM¢YrMXO[*Y*UQJqY*9aROnJRKIO¥¤sh"aRk@K~JR]OPaR_jKNO"Mic]UIk9KNOZJmVY|hP_,h"aLO]sY|KQJmejS9aROnejc,ZsJ
¡
hY*MNJRc]Vfc]b<MNH@O[KQM¢YrV@Z@Y*UNZ
S9JRS1OPamJRV@OPZUNOKQHWk9ßJmV@\K|xJRamaIK~k9âfhO*GIH@OgKQM¢YrMXO*Y*UNJLY*9aRO]JLK|Y*KNKQJR\]V@OPZ¾MXcY Zsk@Y*amvU¢Y*Jma{*Y*amk@OYrM|MNH@O
KXY*ejOMNJRejO|MNH9Ojc]ksMNS9k9MNK|Y*UNOfSsUXc,Zsk@hOPZ©½[VMQH@OjUNOKQOPMlSsH}Y]KNO*TJmMUNOPegY*JRV9KK~M¢Y*saLO]ÓnV9amJRO^MQH@Ofk9KQk}Y*a
UXO"MNk9UQVs7MNc*`¨POPUXc*Y*UQJqY*saLOKPpxJRama{c]V9aR_ 9UQJLOP¹s_MNUXY*V@K~JRMNJRc]VMQH9UXc*k@\]HV@OPksMNU¢YraRJRM`_1OPM`OO"V*Y*amJLZ¾K~M¢Y*MNOK
¼7bMZsc4OPKQV32 M^hXH}Y*V9\O]JmMlZsc4OPKV@c]Ml\c£MQH9UXc*k@\]HYV@OPk9MQU¢Y*aIKQMXY*MXOgY*M|YraRa7GIH9Ouxwsyºbdc]UMQH9JLK1OPH}YWJLc]U
JLK|O¥¤,S9UXOPKNKNOPZ¦§k@K~M^aRJR]Oíxô(O"¤4hPOPS9MMNH9OKNOPefJLhPc]aLc*VO"bdc]UXOgMQH@OY]KQKQJL\*V9egO"VWM^MXc­JLKUXOPSsaqY]hPOZxJRMQH¿Y
hc]efegYs{GIH9JLKiJLKegY]Z9OS1cKNK~JR9aROW_MQH@OlY*KNKQksejS9MQJLc]VMQH}Y*M=lc*V9aR_hXH@Y*V@\OPKnxH@O"VMNH9Oc*k9MNS9ksMXK] Y*V9Z
ÂZ9cV@c]MiZ9O"SO"V@Z c*VJmMÐsMQH9JLKiY]c]JLZ9KnY*VW_K~M¢Y*sJRaRJmM`_jSsUXc]9aROPejK
GIH@Oc]V9am_jMQUNJRhX,_jMNH9JmV@\^Y*1c]k9MZ9OPUQJRWJRV@\MNH@OÔ[wsÕ¿bdc]UIMNH9JRKIJLK{MNH@OY]KQKQJR\]V9ejOPVWMxKQMXY*MXO"egO"VWM{ûY]K~JLhYraRaR_]
MNH@OY*KNKQJR\]V9ejOPVWM^JLK^Zsc]V@OW_¾aLc	OPUQJRV@\MQH@Oc]S9S1cKQJmMXOgUXY*JRa
¡
UXK~M#MNH@O"VUXY*JLK~JRV@\ MQH@OZ9OK~JRUNOZU¢Y*Jma7GIH9JLK
\]k}Y*UXY*VWMXOPOKMQH}Y*MnMNH@O*Y*UNJLY*9aROS}Y]KNKQOK[MQH9UXc*k@\]H V9OPk9MQU¢Y*a<xH@O"VJRMnhXH}Y*V9\OKP©Y*V@Z Y*aLKQcfsk999aRO"7UNOK~H,ksßjOPK
V9JLhPOPam_ÜGIH@Ohc]efS9aROPMNJRc]VZsOPMXOPhPMQJLc]V c]bMNHsJLKY]KQKQJR\]V9ejOPVWMJLKj}Y]KQJRhY*amaR_¿Oopk9Jm*Y*aLO"V,MgMXchXH@OPhX,JmV@\MNH}Y*M
MNH@O*Y*amk@Oc]bF hc]UQUXOPKQS1c]V@Z9KMXcMNH9OJRV9S9ksMXKMXcOáw4cO Ö
d
U OPhc]ejOK Î.U
'
ý 
 
ÛWÐ
'
ÙÎvÒU
 
ý

'
ÛWÐ
 
ÙrÒ@Ð1Î.U
'
ê*
'
^
U
 
ê*
 
Ò@#GIH@O[y{u»ûO"UXK~JLc]Vgc]bMQH@O[Ô[wsÕbdc]U#MQH9JLK(M`_WSOnc]bKQM¢YrMXOxH@c]aRZsJRV@\S9UNc4hPOKQK
JLKPÖ
×
ÎWÎ§Ú$Ø{ê/
'
tpì-ì¥èjìÝmÝ Ý z76©ý8
'
Ù@ÎÒÚ9£Ø(ê*
 
tì-ì¥èjìÝ ÝmÝz76©ýw
 
ÙrÒ@ì
Î§Ú*Øê(ff
'
tpì-ì¥èjìÝ Ý Ý z76©ý 
'
Ù@ÎÒ	Ú/Ø#ê(ff
 
tì-ì¢èjìÝ ÝmÝz76©ý 
 
ÙrÒ@ì
Î
®
'
t.ì¥èfìÝmÝ ÝzB6©ý 
 
ÛWÐ­
'
Ù@ÎÒ
®
 
t.ì¢èjìÝ ÝmÝzQ6Aý 
'
ÛWÐ
 
ÙrÒ@ìÝ ÝmÝ Ð
iØÙWì¢èØÙWìÝ ÝmÝ Ð
÷"øCÛWÐ
Î.
Ø
6©ý8('ÛWì>
 
ÛrÒ@ì1Î?
Ø
6ý @'ÛWì,
 
ÛrÒ@ìÝ Ý Ýmì
Î§ÚA
'
ê£Ú$
 
6Aý 
Ø
ÛrÒ}ìÌÎ~Úè
'
êÚè
 
6©ý è
Ø
ÛrÒ@ìÝ Ý ÝmÐ
÷"øCÙ
Ò
¼7MJRK#c]bqMXO"VZ9OPKQJRUXY*9aROiMNcZsOhc*ejS1cKNOnMNH@Onhc*ejS9aROPMQJLc]VfZ9O"MXOh"MNJRc]Vc]b1MNH@OnKQMXY*MXOn*Y*UNJLY*9aLOJmVWMXcY&"S9H}Y]KQO
hc]efS9aROPMNJRc]V *Y*UQJqY*saLO:
|
xH9JRhXHZ9OPMNOh"MXKMNH@Olhc]efS9aLO"MNJRc]Vc]b#MQH@O^Y]KQKQJL\*V9egO"VWMc]VMNH9O^KNOPM[S9H}Y]KQOY*V@ZJLK
hPaROY*UNOZc]VMQH@O|UXOPKNO"MS9H}Y]KQO]GIH9JRK[eYrOKJRMOY]KQJROPUMNcgH}YO|elk9aRMQJRS9aROK~M¢Y*MNO|*Y*UNJLY*9aLOPK½V9OlMNH9JmV@\gMNc
V@c]MNOJRKMNH}YrMMQH@OfY]KNK~JL\]VsegO"V,MKQOopk@OPV9hOY*V9ZhPc]ejSsaLOPMQJLc]VH@Y]K
%
MQU¢Y*V@K~JRMQJLc]V@KJRb{JRMhXH}Y*V9\OKKQMXY*MXO*Y*V9Z
MNH@O"UXO"bdc]UXOc*bqMXOPV^MXY*OPKegc*UXOMQU¢Y*V9KQJRMQJLc]V9KTMNH@Y*VY[M`_WS9JLhY*a9c*k9MNS9ksMhXH}Y*VsV@OPav(Ôc	OPO"U,c]V|MQH@OIUXOPKNO"M(S9H}Y]KQO
c]UJmbÌMQH@OxKQMXY*MXOJRKk9V@hXH@Y*V@\OPZ©pMNH9JRKc]V9am_MXY*OPKnŁxMQU¢Y*V@K~JRMQJLc]VA<nV@c]MNH9OPU#hY]OY*M#JLKTMNH}Y*M(MQH@OxKQMXY*MXO*Y*UQJqY*saLO
KQH@c	xV£H@OPUNOc]UQ4Ki1OKQMibdc]Uic*V9aR_gZsk}Y*aAUXY*JRa(Ł9JmMiKQMXY*MXO*Y*UNJLY*9aROK
[K<Y*VO¥¤9YrejS9aROc]bWMNHsJLKM`_WS1O{c*b4K~M¢Y*MNO*Y*UNJLY*9aLO*	hc]V9KQJLZsOPUAMNH9Oµ~UXOP\]JLK~MXOPUN·S9UXc,hOPKNKCU Ö
d0¯
ÐPÍ(Îîù<o*Ð1Î-oiý
Ñ/fiUÎvÒsÚZoý Ï<ùVU1ÒWÒ@iGIH9JRKk@KQOKYfhc]VWMQUXc]aChXH}Y*VsV@OPa[îÜMXcfZ9OPhPJLZsOxH@O"MNH@O"U[MXcfUXOY]Z c]UixUQJRMXOMNH9OlKQMXY*MXO
9JRMBU£WJqYlMNH9OJRV9S9ksMiY*V@Zc]k9MQS9k9MihXH}YrV9V@OPaRKÏY*V@Z£Ñl{½[WWJLc]k@K~aR_]sMNH@OK~M¢Y*MNO9JRMIJLKxO"¤4h"aRk@K~JRO"aR_jk@KNOPZ£c]U
Ł
{
KNO"Mc]VY*VW_j\*JRO"VhP_,h"aLO]#GIHsJLK#S9UXc,hOPKNKxY*aRKNchc]V9ZsJRMQJLc]V}YraRaR_lhc]efe|k9VsJLhYrMXOK#c]VÏY*V@ZÑlW9k9MKQJmV@hOnMNH}Y*M
Y*KhPc2]OPUNOZ£JmVMNH@OaqY*KQMxM`cjKQOhPMQJLc]V9K9OJmV@hPamk@Z9OJRMIH@OPUNO]GIH@OyuÔû ]OPUXK~JLc]V£c]bCMNH@OÔ[wsÕJLKPÖ
íî<ðè Ñb¨@©ºé
U ' ÙWì>U
 
ÛWÐ
×
ÎWÎî
 
êÑ [ êDU+'Z6Aý Ñffi'Ù
ÎÒ,î
 
êÑ [ êDU
 
6Aý Ñ
 
Ù
Î Ò,î ' êÏ ' 6©ýwU
 
ÛWÐU ' Ù
Î Ò,î ' êÏ
 
6©ýwU ' ÛWÐU
 
ÙrÒ@Ð
Îî ' 6©ý ÏY[¥Û@ÎÒ,î
 
6©ý >Ł©Ò@Ð
îffi[¢ÛWÐ
Î§Ú(Ñ][
^
ÚÑ ' ê Ú(Ñ
 
6ý Ñ ' ÛWì¢Ñ
 
ÛrÒ@Ð
Î§Ú(Ï ' ê ÚÏ
 
6©ý Ï\[¥ÙrÒ@Ð
Î§Úî ' ê Ú[î
 
6©ý îffi[¢ÙrÒ
Ò
GIH@Oy54[w£H@Y]KYgbdOPãMNUQJLhXW_bdOY*MQk9UXOPKÞ[k@OlMXcMQH@O|O¥¤sh"aRk@K~JR]O|S}Y*MNMNOPUQVc]b#MNH@O|hPc]efe|k9V9JRhY*MQJLc]V@KnMNH@O
UNk9aROK^bdc]U î
[
hY*V¿OK~JRefS9aRJ
¡
OZ©¾GIH@O£ZsOhc*ejS1cKNOPZYrV@Z¿sk999aROUNOK~H,ksßjOPZy54[w¾bdc]amaLc	iKY*V@ZMNH@O
hPJmUXhPksJRMJRKnK~H@c	xV£JmV£»TJL\]ksUXO=isÖ
î
[
êîM'ê£Ñ
[
êtU+'
îffi[<êî
'
ê£Ñ][<êtU
 
Ú Ñ
'
Ú Ñ
 
Ú Ñ
'
^
Ú Ñ
 
Ñ
|
îffi[<êî
 
ê£Ï
'
î
[
êî
 
ê£Ï
 
ÚÏY'#ê£Ú9U°'
ÚÏ
 
ê£Ú9U
 
îffi[<êtU
'
ê£Ï
'
^
U
 
êÏ
 
z
ÚÏ\[
^
Ú ÑZ|
î
[
ý Ñ
'
Û
ý Ñ
 
Û
ý Ñ
'
Ù
ý Ñ
 
Ù
ý Ñ
|
Ù
ý Ñ
|
Û
ý U
 
Û
ý U°'Û
ý U
 
Ù
ý U
'
Ù
ý ÏY[¥Û
ý î
[
Ù
ý î
[
Û
Ú[îffi[<êÚÑ][
Ú[î
[
êÚÑ
[
Ñ
'
Ñ
 
Ñ
'
ê Ñ
 
ÚÑ
|
Ú[îffi[<êÚÏ
'
ê ÚÏ
 
Ï\[<ê Ñ
|
Ú î
[
êÚ[îM'(ê£Ú[î
 
ý Ñ
'
Ù
ý Ñ
 
Ù
ý Ñ
'
Û
ý Ñ
 
Û
ý Ñ
|
Û
ý ÑZ|]Ù
ý Ï
[
Ù
ý î
[
Û
ý î
[
Ù
ŁVl
Ce
C
R0 R0 R1 R1
Ce
Re
Ce
Re
C0
X0 X1
Rv
Ce Ce
Le
RvR0
R1
X0
L0 L1
X1
X0X1
L0 L1
Ce
C1
L0 L1
Ce
C1
X0 X1
Le
L0
L1
»CJL\]k9UNO=isÖ#y{uÔ[û 4nÕ
ä
»TJRV@Y*aRam_]MQH@OejcKQMI\OPV9OPU¢Yra1bdc]UQeüc]b<KQMXY*MXOnH@c]aRZsJRV@\hO"aRa}JLKc]V@OnxH@OPUNO[MNH@OKQMXY*MXOn]YrUNJqYr9aLOihYrVOnk@KNOPZ
Y*V@ZjKNOPM{JRVjY*VW_h"_4h"aLO*(¼7Vc]UNZ9OPU#MXcZ9cMNH9JRKpJRM(JRK#V9OhOPKNKNY*UN_fMXcH}YOKNOPS@Y*U¢Y*MNOK~MXc]UXY]\OxaLc,hYrMNJLc*V@Kbdc]U#MNH@O
V@OPÜKQMXY*MXOYrV@ZMNH@O^c]aRZKQMXY*MXO*|GIH9JRKeY_O^Zsc]V@O|W_ JmV,MQUXc,Zsk@h"JRV@\YrVO¥¤,MNU¢YK~M¢Y*MNO|*Y*UNJLY*9aLOxH9JRhXH
H@c]aRZ9KMNH@OV@O"ºKQMXY*MXOk9VWMQJRa9JLKk9KNOZGIH9O|uxwsybdc*UxMNH9JRKJLKÖ
íõé Ö
d0¯
Ð
×
Î;ù@ìè|ùpìÝ Ý ÝlÐ Ttì}ìVpìÝmÝ Ý z¥ìfifftpì@ììÝ ÝmÝz"ìGIÖ
d®
tì@ììÝmÝ Ýz"ìÝ ÝmÝ Ð­Ö
d
QÒ
àH@OPVgMNH9JRK{JRKhPc]VWOPUQMXOPZJmVWMXc|YrVÔw4Õi,MNH@O"UXO[Y*UXOKNOP]OPUXY*a©hXH@c*JLhOPKbdc]U{xH@O"UXO[MNcS9k9MMNH@O[Y]KNK~JL\]VsegO"V,M
Ö
d
¥{¼7MxIc*UN,K1OK~MnMNcZ9cfMQH9JLKiY*KNKQJR\]V9ejOPVWMnc]VMNH@OUXOPKNO"MnSsH}Y]KNOc]bCMNH@OhXH}YrV9V@OPaCH}Y*V9Z9KQH}YrOKPInbqMXOPU
MNH@O[Y]KNK~JL\]VsegO"V,MZÖ
d
"\#UNOPMQk9UNV@KMXclV@O"k9MNUXY*aW¦§k@KQMaRJR]O[YhXH}Y*V9V@O"a7#GIH@Oyu»ûO"UXKQJRc]Vc]b©MQH9JLK{M`_WSOc]b
hO"aRa©JRKÖ
Ö
d0¯
Ð
×
ÎWÎ§Ú$Ø{ê/
'
tpì-ì¥èjìÝmÝ Ý z76©ý8
'
Ù@ÎÒÚ9£Ø(ê*
 
tì-ì¥èjìÝ ÝmÝz76©ýw
 
ÙrÒ@ì
Î§Ú*Øê(ff
'
tpì-ì¥èjìÝ Ý Ý z76©ý 
'
Ù@ÎÒ	Ú/Ø#ê(ff
 
tì-ì¢èjìÝ ÝmÝz76©ý 
 
ÙrÒ@ì
Î
®
'
tpì-ì¥èjìÝ Ý Ý z76©ý 
'
Ù@ÎÒ
®
 
tpì>ì¥èfìÝmÝ Ýz76Aý 
 
ÙrÒ@ìÝmÝ Ý Ð
iØÙWì¢èØÙWìÝ ÝmÝ Ð
÷"øCÛWÐ
Î.
Ø
6©ý8('ÛWì>
 
ÛrÒ@ì1Î?
Ø
6ý @'ÛWì,
 
ÛrÒ@ìÝ Ý Ýmì
ÎR
'
6©ý 
 
ÛWÐ­
'
ÙWÐ
'
Û@ÎÒŁ
 
6ý 
'
ÛWÐ­
 
ÙWÐG
 
ÛrÒ@ìÝ ÝmÝ ì
Î§ÚA
'
ê£Ú$
 
6Aý iØPÛrÒ}ìÌÎ~Úè
'
êÚè
 
6©ý èØÛrÒ@ìÝ Ý ÝmÐ
÷"øCÙ
Ò
GIH@O{Y]KNK~JL\]VsegO"V,MCK~M¢Y*MNOPejOPVWMXK<eY_O#hc*ejS9JmaLOPZJRVWMXcxS9UNc4Zsk9hPMNJRc]VUNk9aROKCY]KA1OPbdc]UNO]½bsKQS1Oh"JqY*aJmVWMXOPUNOK~M
JLKnMNH@Ohc]efS9JRaLY*MNJRc]Vc]b(MNH9O|KNOPoWk9OPV@hPOÎR'ý 
 
ÛWÐV'ÙWÐxT'ÛÎvÒ,
 
ý V'ÛWÐ¦
 
ÙWÐf
 
ÛrÒ@Þ[k9OMXcghc]UQUXOPaLY*MNJRc]V@K
c]bCMNH@OZ@Y*MXYssMQH9JLKihc*ejS9JmaLOPKIJRVWMXc^MQH@OKQJRefS9aRO^t9ks99aLO¥7UNOKQHWk9ßfOPZ}zxSsUXc,Zsk@hPMQJLc]VUQk9aLOPKÖ
þ
e
Úi÷"øjêÚ 
'
Úi÷"øjêÚ 
 
 ' ê 
 

 
ê 
'
Úi÷"øjêÚ5
 
Úi÷"øjêÚ5 '
ý  ' Ù
ý 
 
Ù
ý 
 
Û
ý f'Û
ý 
'
Ù
ý 
 
Ù
GIH@OM ' Y*V@Zy
 
KQH@c]ksaLZjY*aLKQcOxUXOPKNO"MMNcMQH@Oihc]UQUXOh"M#JRV9JmMNJqYra4*Y*amk@O](GIH9OhPc]ejSsaLOPMQJLc]V|c]bMQH9JLK(KQOopk@OPV9hO
JLKA¦§k@KQMIMNH@OnV@c]UNegY*aÌhXH@OPhXgbdc]U 
'
ê 
 
(¼7bAMQH@O[K~M¢Y*MNO[*Y*UNJLY*9aLOiZ9c,OK~V32 MhXH}Y*V9\O]sMQH9JLKKNOPoWk9OPV@hPOM¢Y*]OKc]VsaR_
ŁMNU¢YrV@KQJmMNJLc*VA9KQJmV@hOMQH@O
¡
UXK~M]"UNksaLOKnY*UNO*Y]hPk@c*k@K{¼7bMQH@OKQM¢YrMXOhXH}Y*V@\]OK}JRMIM¢Y*]OK
%
MQU¢Y*V@K~JRMQJLc]V@KP#GIH9JLK
JLK
þ
MNUXY*V@K~JRMNJRc]V@K#aLc]V9\OPU{MNH}YrVgMNH9O[UXOPKNOPMc]b<YV9c]UNegY*aÌc]k9MQS9k9MhXH@Y*V9V@O"a7sKQclMNHsJLKIK~H@c]k9aRZg1O[hc*V@KQJRZ9OPUNOZgMNc
c]S9MQJRefJL¨OMQH@OaRc	ÀaLO"OPaCS9UNc4Zsk9hPMNJRc]V UQk9aLOZ9OPhc]efSc]KQJRMQJLc]V©xGIH9JLKnM`_WSOc]b(KQMQUNk@h"MNk9UNO|c]V9am_Ic*UN,KOPamaTJmb
Y*V@ZxY*UNOZsk}Y*a 7UXY*JRav4YraRMNH9c]k@\]HKQOPO"U¢Y*a<Z4k}Y*amvU¢Y*JmaK~M¢Y*MNO*Y*UNJLY*9aLOPKhYrV1Ok@KNOPZJmVS}Y*UXY*aRaROPaÌMXcOPV@hPc4ZsO
egc*UXOKQMXY*MXOPK
½[bAMNH@O*Y*UQJLc]k@K{M`_WSOPKnc*bTK~M¢Y*MNO"vH@c]aLZ4JRV@\hOPamaLKP4MNH9Oegc]UNOUNOKQMQUNJRhPMXOPZOPUNKQJRc]V@Kx\O"V@OPUXY*aRam_fH@Y	]OKQJRefS9aROPU
Y*V@ZbY]K~MXO"UxJRefS9aLO"egO"V,MXY*MNJRc]V@KP4YrV@ZKQH@c*k9aLZMQH@OPUNOPbdc]UNOOk@KQOZJRbAS1cKQKQJRsaLO]»}c*UMNH@OejcK~M\O"V@OPUXY*aAhY*KNO]
OPJmMNH@O"U#YS}Y*JmUc]bÌK~M¢Y*MNOI*Y*UNJLY*9aLOPKK~H@c]k9aRZ|OIk9KNOZpc]UJRbÌYrUXOYnJLKV@c*M#Y*V^JLKQKQk@O*WYbdOOPZs}Y]hXlaLc,c]S|c]b}9ks¸O"UXK
¬I­± ³&<²QÅ´s¯Rx³´
GIH9JLKghXH}Y*S9MNOPUH}Y*KgS9UXOPKNO"V,MNOZÁY\]k9JRZ9O£MNc¾Z9OPKQJL\*V9JRV@\¾Y]KQ_WV@hXH9UNc]V@c]k9KhOPamaLKfxH9JLhXH>hPc]e|9JmV@O£9ks¸O"UNJRV9\
Y*V@Zhc]efS9k9MXY*MNJRc]Vbqk9V@h"MNJLc*V@KGIH9UXOPOegY*JmVM`_WS1OKnc]bH@Y*V@Z9K~H}Y*WJRV@\UXOPKQHWk9ßJRV9\KnH@Y	]OS9UNc	OZ£KQk9S1OPUQJLc]U
bdc]U^ZsJm¸O"UXO"V,Mh"JRUNhPk9ejKQMXY*V@hOPKGIH9OIOY*p`hc*V@ZsJRMQJLc]VH}YraRbL7sk9¸O"Ul*Y*UQJLOPM`_Ic*UN,K^IO"aRabdc]Ul9k9¸1OPUXKfY*V9Z
hc]SsJLOKxJRMNH9c]k9M[aRc\]JRh]GIH9OlS9UXOPhXH}Y*UN\O"vaLc\]JRhH}YraRbL7sk9¸O"UNJmV@\fJRK[MNH9O|KQJmejS9aROK~M[\c,c,Z Y_£MXcgJmejS9aROPejOPVWM
egc]KQM|aRc\]JLhjhO"aRaLKP¾GIH@OS9UNOhXH}YrUX\O¥7aLc]\]JLhfbqk9aRa 79k9¸1OPUQJRV@\H}Y]KY*VY]Z4]YrV,MXY]\OJmVKQS1OOZY*V@ZJRK^\c4c,ZY*M
Z9OhPc]k9S9amJRV@\MQH@O^H}Y*V@ZsKQH}Y*]OKc]b{V@OPJR\]HWc]UQJRV@\ksV9JRMNK|¼7MK~H@c]k9aRZ1O|k@KQOZxH9OPV V@OhPOKNKNY*UN_MNcJRefS9UXc	O
MNH@OMQH9UXc*k@\]H9S9ksM¼7VY]Z9ZsJmMNJRc]VA(O"¤,MNOPV@K~JLc]V@K^MNcMQH@OKQOhOPamaLK|xH9JRhXHY*aRaRc2übdc]U|hc]V@Z4JRMNJRc]V}Y*amaR_UNOhO"JRWJRV9\
JRV9Ssk9MXKc]UhPc]V@ZsJmMNJLc*V}Y*aRam_KNOPV9ZsJRV@\c]k9MQS9k9MNKOPUNOjO¥¤4SsaqY*JmV@OZ©f»TJmV}Y*amaR_1]YrUNJLc*k@KY*S9S9UNcpY]hXH@OPKMNc£K~MXc]UQJRV@\
JRVWMXO"UNV}YraAKQMXY*MXOJRVMQH@OhOPamaLKOPUNOS9UNOKQOPVWMXOPZ©
Ôc	 bY*UihY*VMQH@OKQOMNOhXH9V9JRopk@OKn\cWùV£OPVWMNJmUXOZsJR\]JRMXY*a
¡
aRMXO"UxY*KnZsOKQJR\]V@OPZk9KQJRV9\fc*V9aR_jàuÔûÁY*V9Z
y{uÔ[ûÂhPOPaRaRK
þ
ÕO"V¿Y£hc*ejS9aROPMNOjY*KQ_WV@hXH9UNc]V@c]k@KejJRhPUXc*S9UXc,hOPKNKNc*UtdMNH@OXjJRVsJj£¼§y{w9zk@KNOPKl}Y]K~JLhY*aRam_
MNH@OPKNO(M`_WSOPKTc*b4S9JmSO"aRJmV@OZhPOPamaLKI
%
vTGIH@OpjJmV9Jj£¼§y{w[9k@KQKNOPKY*UNO#Y*aRa**Y*UNJROPMNJROK©c*b4bqk9amaR9ks¸O"UXK	MQH@O(Z@Y*MXY*S}Y*MQH
aLc\*JLhY*V@Z£hc]VWMQUXc]a<aLc]\]JLhY*UNOk9KQk}Y*amaR_y{uÔû[YrV@Z£e|k9hXHc]bMQH@Ohc]VWMNUNc]aCZsJLK~MNUQJR9k9MQJLc]V£Y*V9Z£9k9¸1OPUQJRV@\JLK
àuÔû[WÕO"VhO"aRaRK(Y]Kk9VWk@K~k}Y*a1Y]KMNH9OxhY]hXH@OPK{OPUNOiOKNKQOPVWMNJLY*aRam_lJmejS9aROPejOPVWMXOPZY]K(c]V@Ox\*JqY*VWM#y{uÔ[ûhO"aRa
xH9JLhXHH}Y]KY*V¾O¥¤sh"aRk@K~JR]OPaR_k@KQOZ+ *Y]KNK~JL\]V@OPZKQMXY*MXO*Y*UNJLY*9aLOK~MNUNk9hPMNksUXOjSsaRk@KYbdO"/aLc	 aLO"O"a{MQU¢Y*V9KQJLK~MXc]U
MNUQJLhX,Kbdc*UMNH@Ogw}4i@j hPOPamaLKMNH9OPejKNOPamOPKGIH@OUXOP\]JLK~MXO"UaRc4hXWJmV@\JLKYaRJRMQMNaROlMNUQJLhXWJLO"UA9k9MlY*aRaJRMXKJmV9S9k9M
Y*V@Z¿c]k9MQS9k9M^H}Y*V9Z9KQH}YrOKfbdc]aRaRc	áMQH@OKQMXY*V@Z@Y*UNZy{u»ûáY*S9SsUXcpY]hXH©ûY]KQJRhY*amaR_]#MQH@OKQOMXOhXHsV9JLopk@OPKghYrV
Y]hhPc]k9VWMbdc]UY*aRejcK~MY*amaCc]b(MNH@OlZ9OK~JL\]Vc*b{Y*VW_£M`_WS1O|c]b{Y]K~_,V9hXH9UXc]V9c]k@KhPJmUXhPksJRM1Y*V@Z KQMNUNc]V@\]am_JRV9¹9k9OPV@hPO
Y*aRaZ9OK~JL\]VZ9OPhPJLK~JLc]V9K½[MNH9OPUSc]KNKQJm9JRamJRMQJLOKiegY	_£OO¥¤4SsaLc]UNOZ Y]KMNH@OZ9OPKQJR\]V hc]V@K~MNUXY*JRVWMXKUNOopk9JRUNO]A9k9M
MNH@OPKNOMXOPhXH9V9JLopk@OPKnbdc*UNe¶Y^Z9O"bY*k9aRMic*S9MNJRc]Vbdc]UnY*VW_Y]K~_,V9hXH9UXc]V9c]k@KnhPJRUNhPk9JmMxJRefS9aLO"egO"VWM¢Y*MQJLc]VA
GIH@O S9UQJLc]UjKQMXY*MXO£c]bMNH9OY*UQMgIY]KgMXck@KNO ksVs7S9JmSO"aRJmV@OZIOY*hPc]V@ZsJmMNJRc]VaRc\]JRh]ÁÕ¤,MQU¢Y9ks¸O"UXKc]U
UXOP\]JLK~MXOPUNKlc]k9aLZ¾1OY]Z9ZsOZO"M`IOPOPV¿9aLc,hX,K|c]biaLc]\]JLhMXcY]ZsZKNc]ejOgS9JmSO"aRJRVsJRV@\9 GIH9JLK|Y*S9S9UNcpY]hXHY*K
KQegY*aRaROPU19k9Melk@hXH KQaLc	OPU^GIH@O^O"¤,MQU¢Y9k9¸1OPUXKYraLKNcJmV@hPUNOY]KQOZMNH9Obdc*UNIY*UXZaLY*MXO"V@hP_]|Õ(KNKQOPVWMNJLY*aRam_©JRV
MNH@OiaRJmejJmMc]bk@KQJmV@\ejc]UNOYrV@Zjejc]UXOx9ks¸O"UXKWMNH9OP_fKQH@c*k9aLZjOPO"VWMNk}Y*amaR_^1OnejOPUN\OZJRVWMNcMQH@OnaRc\]JRhiY*V@ZYraRa
þ
Ł
hO"aRaLKKQH@c]ksaLZ^O^µ~eY2¤4JmeYraRaR_,·iS9JRS1OPamJRV@OPZ©TGIH}Y*M(JLKPpY*VW_^ZsJRKNh"UXOPMNOxKQMXY*MXOxc]bÌaLc]\]JLh{\OPMNKJRMNK(c2xVS9JmSO"aRJmV9JRV@\s
KNc[MQH}Y*MCV@c[ejc]UXO#K~aqY]hXhc*k9aLZl1OY]Z9Z9OPZ|xJRMNH9c]k9M}¦§k@KQMTMNH9UNc2xJmV@\JmV|O¥¤shPOKQK9k9¸1OPUXKP¼7V|SsU¢Y]h"MNJLhPO]rMNH@OhcK~M
c]b1KQk@hXH
¡
V@OxS9JRS1OPamJRV9JmV@\Y*ejc]k9VWMXK(MNcY
g
e§²ºMXcfŁVe³e§²ºJRV@h"UXOY]KNOiJRVjY*UNOYc	OPUIYhc]efS9aLO"MXO"aR_lksVs7S9JmSO"aRJmV@OZ
hPJmUXhPksJRMT¼7MUNOZsk9hOKMNH@OnaqY*MNOPV@h"_tKQJmV@hOiV@cKNOPS@Y*U¢Y*MNO9ks¸O"UXKYrUXOY]Z9Z9OPZ}z"sY*V@Z©,c]bAhPc]k9UXKQO]WJRV@h"UXOY]KNOPKIMNH@O
MNH9UNc]k@\]HsS9k9M(M{MNHsJLK#V}Y*MNksU¢Y*aÌaRJmejJmM(c]bSsJRS1OPaRJmV9JRV9\9WY*aRa@H@Y*V@Z9K~H}Y*OPKO"M`IOPOPVV@O"JL\]HW1c]UNJmV@\hOPamaLK#UXOPoWksJRUXO
YfK~eYraRaVWk9elO"U[c]bCMNUXY*V@K~JRMNJRc]V@KS1OPUnhP_,h"aLO]@M`_WS9JRhY*amaR_Łx"MNc£Ł
{
{GIH@OJmVWMXOPUQV}Y*a<h"_4h"aLOPKnk@K~k}Y*amaR_g]OO"Sk9SA
GIH9JLKx_WJLO"aLZ9KiY|]OPUN_HsJL\]HS1OY*gMNH9UNc]k@\]H9Ssk9Mthc*ejS}YrU¢Y*9aRO[MXcŁf"^MQU¢Y*V@K~JRMQJLc]VS1OPUnh"_4h"aLOHW_WSO"UQ7SsJRS1OPaRJmV@OZ
KQ_WV@hXH9UNc]V@c]k9KZ9OPKQJR\]V@K[amJROMNH@O^ÞÕ{uºamS9H}Ypzx9k9MJLKegc]UNOlOY]KQJmaR_hc]efS1cKXY*saLO]Ônc2OP]OPUChPc]efScK~JRV@\
bY]KQM[S9JRS1OPamJRV@OPZhO"aRaLKnJRV*Y*UQJLc]k@KS}Y*MNMNOPUQV@KhY*V_WJROPaLZ£e|k@hXHaLc	OPUKQ_,K~MXOPeïMNH9UNc]k@\]H9Ssk9MXKk9VsaLOKQKKQS1Oh"JqY*a
hY*UNOJLKIMXY*O"V£MNc|eYrMXhXHMNH@OaLY*MXO"V@hPJROKxY*KIO"aRa<Y]KMQH@OMNHsUXc]k@\*H9S9k9MNKnc*bCMQH@Ok9V9JmMXKP#GIH9JLKJRKZsJLKQhPk@KQKNOPZ£JRV
MNH@OV@O¥¤,MhXH@Y*S9MXO"U
´
 		
 µ 
h¶· Z¸ ¹x¶^7º » ¶l!#x 	
¼K¸½¶f
 ¾7¶f
{!#f
¹x¿	
h¼
j Y*VW_MXOPhXH9V9JRoWk9OKghY*V1Ok@KNOPZMXcc]SsMNJRefJL¨POMNH@OS1OPUQbdc]UNegY*V@hPOc*bYhPJRUNhPk9JmM#egOY]KQksUXOZY]KaqY*MNOPV@h"_
MNH9UNc]k@\]HsS9k9M#O"V@OPUN\]_{c]UY*VW_c]MNH@O"U^egO"MNUQJLh] GIH@OejcKQMlKQJR\]V9J
¡
hY*VWM^c]SsMNJRefJL¨Y*MNJRc]V@KhY*V1OgegY]Z9OY*M
MNH@OH9JR\]H@OK~MaROP]OPa7<JRVMQH@OjKQOPaROhPMQJLc]Vc]bxYraL\c]UQJRMQH9egKY*V@ZMNH@OfZ9OhPc]efScK~JRMQJLc]V c]bS9UXc,hOPKNKNOPK£½[V@hOfMNH@O
S9UXc,hOPKNKQOKY*V@ZMXc*Sc]aRc\]_c]b{hc*eje|ksV9JLhY*MNJRc]VY*UNO
¡
¤4OZ<bqksUNMNH9OPUJRefS9UNc2]OPejOPVWMXK[hY*V1O|eY]ZsOlW_ JRe
S9UXc	WJRV9\MNH@O|MQU¢Y*V@K~JLK~MXc]UJmejSsaLOPejOPVWMXY*MNJRc]V@K1Y]KZ9OPKNh"UNJR1OZJmVuH}Y*S9MNOPUfŁ»TJRV}Yrac]SsMNJRefJL¨Y*MNJRc]V£hY*Vk@KQO
MNH@OMNOhXH9VsJLopk@OKc]bnK~aqY]hX eYrMXhXH9JmV@\Y*V@ZMQU¢Y*V@K~JLK~MXc]U^K~JL¨"JRV@\9 wWaqY]hX eYrMXhXH9JmV@\JLKMNH@OJmV@KNO"UNMNJRc]Vc]UlUXO"
egc	*Y*aAc*bK~aqY]hXtd9k9¸1OPUnhYrS}Y]hPJmM`_sziYraLc]V@\^hXH@Y*V9V@O"aLK{¼7MiJLKejcKQMxUNOPaROP*Y*VWMiJRV£Y|H9JL\]HsaR_gSsJRS1OPaRJmV@OZZsOKQJR\]VA
G<UXY*V@K~JLKQMNc]UxK~JL¨PJmV@\lJRKMNH9OKNOPaROh"MNJLc*Vc]b<MNUXY*V@KQJRKQMNc]UXKIxJRZsMNH9KIMXc|c*S9MNJmejJR¨OS1OPUQbdc]UNegY*V@hPO](GIHsJLKhXH}YrS9MXO"UxJRVs
OPKQMNJR\pY*MNOKMNH9O[S9UXc*SO"Uxk@KNOc]b<K~aqY]hXjeYrMXhXH9JmV@\94Y*V@ZJRMNKIJRVs¹9k@OPV9hOc]VMQU¢Y*V@K~JLK~MXc]UIKQJL¨"JRV@\s(GIH@OOPefS9H}Y*KQJLK
JLKxc]V£c]S9MQJRefJL¨"JRV@\MNH9UNc]k@\]H9Ssk9M
Ãi­X¬ ®¯Q°|±²Q¯N³±ÁÀ³@LpN«¯	<´
4nO"egc	WJRV9\KQaqY*hXbqUXc]eïhXH}Y*V9V9OPaLKegY_ JRVWMQUXc,Zsk@hO^ZsOY]ZsaRc4hXÌAJRb#MQH@OKQaqY*hXc]bYhXH}Y*V9V@O"a#JLKV@c]M\*UXOYrMXOPU
MNH}YrVMQH@O^V,kse|O"Ulc*bMNc]O"V@KJmMe|k@K~MhPc]VWM¢Y*JmVAf¼7bMQH@OfSsUXc,hOKQKNOPKlZ9cV@c]MUNOPaR_c]VJmVWOPUQMXOPZS9UNc]OPKc]b
hXH}Y*V9V9OPaLK#c]U(JmV9H@O"UXOPVWM{ZsJRK¦§k9V@h"MNJRc]V@KitvY*KJLKV@c]UQeYraRaR_MQH@OihY]KQO	z"pMQH@OPVgY]Z9ZsJmV@\KQaLY]hX|MNchXH@Y*V9V@O"aLK(xJRamasV@c]M
hY*k9KNOY*VOPUQUXc]UsK~JRV@hPOMNH@OS9UNc4hPOKQKiH@Y]KIV@c^ejOY*V@KIc]bCZsJLK~MNJRV9\]k9JLK~H9JRV9\MNH9OKQaqY*hXc]bTY|hXH}Y*VsV@OPa "*(àJRMNH
MNH@OfZ9OY]ZsaLc,hXUXOPKQMQUNJLh"MNJRc]VJmVefJRV9Z©AJRMJLKS1cKNK~JR9aROMNcY]ZsZc]UUXO"egc	]OjK~aqY]hXJRV M`c£IY	_,KP ½[V@OJLKMNc
Y*aRMNOPU{MNH@OKQaLY]hXjJmV9H@O"UXOPVWMJRVMQH@O[hPc]ejelk9V9JLhY*MNJmV@\S9UXc,hOPKNKNOPKsW_f*Y*UN_WJRV9\MNH9OY*ejc]k9VWMIc*bAaLc\]JRhxO"M`IOPOPV
aqY*MNhXH@OKPIKK~k@\\OPKQMXOPZ JRVuH}Y*SsMXOPUŁ@MNH9Oc	O"UNH@OY]Zc]bTeYr,JmV@\Y*amaAS9UXc,hOPKNKNOPKJmV,MQUXc,Zsk@hPOK~aqY]hX
 

c]UŁ
O"M`IOPOPVJmV9S9k9MNK[Y*V9Z£c]ksMNS9k9MNKJRKibYrJRUNam_K~eY*ama7@YrV@Z hY*VK~k9@KQMXY*VWMNJLY*aRam_gJRefS9UNc2]OMQH@OMNH9UNc]k@\]H9Ssk9MxGIH9O
KNOPhc]V@ZY_c]bY*amMXOPUQJRV@\MNH@OKQaLY]hXJRKiMNcfY]Z9Z9k9¸1OPUNKnMNcfhXH@Y*V9V@O"aLK
¼7VOPJmMNH@O"UhY]KQO]©MXck9KNO^KQaLY]hX egY*MNhXH9JRV@\Y]KY*Vc]S9MQJRefJL¨Y*MNJRc]V£MNc4c*a71O|e|k@K~Mk9V@Z9O"UXK~M¢Y*V@ZMQH@O^OP¸1Oh"M
JRMnH}Y]Kc]V MQH@OS1OPUQbdc]UNegY*V@hPOlc]bMQH@OlK~_,KQMXO"e nàH9JRaROMNH@OhPUNJmMNJRhY*a<S}Y*MQH egY_ YraRIY	_,KnOhc]efS9k9MNOZY*V9Z
k@KNOPZgMXchXH@OPhXjMQH@O[O"¸OPhPMXKc]bAY*Z9ZsJRV9\c]U#UNOPejc2WJmV@\K~aqY]hXÌ4YK~JRefS9aRJ
¡
OZ^ejc4Z9O"a}c]bSsJRS1OPaRJmV@O1OPH}YWJLc]UhYrV
eYrOMNH@OY*V@Y*aR_,KQJRKe|k@hXH£OY]K~JLO"U
þþ
ÂÃ¬Ä+ÃÄ ÅpÆ¬ÇCÈÉ1Ê#Ë)ÆÌAÈ<Í¬Æ¬ÇCÈnÎ
Re-
f+
f-b-
b+
L+
L-
[Re&L]
Le-  R+
Le+  R-
[~Re&~L]
Re+
»TJR\]k9UXO@k4Ö{GIJRefJRV@\^Þ[JLY]\]UXY*e c*bÔY*aRbq9ks¸O"Uny(JmSO"aRJmV@O
w,k9S9S1cKQOO[9k9JmaLZYaRJmV@OY*U#S9JmSO"aRJmV@Oic]k9Mc*b©MNH@Oñ î<ðnè èXW1çºH@Y*aRbq9ks¸O"UIc]b©hXH}Y*S9MNOPUŁ»TJL\]ksUXOffikJLK
Y[MNJmejJmV@\hXH@Y*UNM(bdc]UMNH9JRKTM`_WSOxc*b1hPOPama7TGIJRejOS9UNc\]UXOPKNKQOK#Z9c	xVWY*UNZ©4Y*V@Z|MNH9OIS9JRS1OPamJRV@O{¹@c	iKbqUXc]eãaLO"bqMMNc
UNJR\]HWM#½[V9am_X"^Z9O"aqY_,KiY*UXOV@OhPOKNKNY*UN_MNc^Z9OKQhPUQJR1O[MNH@OhPOPamaLKÖTMNH@Obdc]UQYrUXZaqYrMXOPV9hPJLOPK9<ÙY*V@Z*<ÛY*V@ZMNH@O
}Y]hXWIY*UXZaqY*MNOPV@h"JLOPK=]Ù|Y*V9ZÛW{wWM¢Y*UQMNJRV9\^Y*MMQH@OYrJRM Î7Ñ][AêÏAÒIOhY*VMNU¢Y]OPUXKQOMNH@OZsJmUXOPhPMXOPZ\]U¢Y*SsH
k9VWMNJma@JRM#\O"MXK#}Y]hX^MXcY*V@c*MNH@O"UÎ7Ñ][sêÏ<ÒlJmVMNH@OnKXY*ejOihO"aRaÌY*bqMNOPU7ÏhP_,hPaROK#GIH9Oh"_4h"aLOiMNJmegOc*bMNHsJLK(S}Y*MQH
JLKxMNH9OK~k9e¶c]b(YraRaAaqYrMXOPV9hPJLOPKic]V£JmMnZsJRWJLZsOZ,_(ÏGIH@O"UXOlY*UXOc]V9am_MNH9UNOOKQJmV@\]aLOh"_,hPaLOjt;Ï
d
ò©zS}Y*MQH@K
GIH@OP_ H}YOfhP_,hPaRO|MNJRejOK[c]b7Ð¿Ù
`@Ñ
Ù
`
Ð¿Û
`@Ñ
ÛWCÐ¿Ù
`
ÐÙ
`@Ñ
Ù
`@Ñ
ÛW©Y*V@ZÐ¿Û
`
Ð¿Û
`@Ñ
Û
`=Ñ
ÙW
GIH@OPUNOY*UXOYrUN9JmMNU¢YrUNJRam_|egY*VW_je|ksaRMNJ `h"_4h"aLOiS}Y*MQH@Kssk9MxMNH@O"_gMQk9UNVc]ksMMXc|1Ohc*e|9JRV@Y*MNJRc]V@KIc*bCMQH@O[MQH9UXOPO
KQJmV@\]aLOh"_,hPaLOS}YrMNH@KPGIH9OPUXO"bdc]UXO*9MNH@Oh"UNJRMQJLhY*a©S}Y*MQHH}Y]KihP_,hPaROMNJRejOMÒ
d þrÓyÔ§Õ
t.ÐÙWì-Ð Û*z
`aÑ
Ù
`@Ñ
ÛW
àOjxJLKQHMNcY*V}Y*am_4¨POgMNH9OMNH9UNc]k@\]H9Ssk9M:Ö
dØ×
t
Õ
zlY]KY bqk9V9hPMNJRc]Vc]biMNH9OV,kse|O"U^c]biMXc*OPV9KJmVMNH@O
S9JRS1OPamJRV@O*
Õ
#ûIc]MQHXÖ#Y*V9Z
Õ
Y*UNOnMXY*O"VMXcOYO"U¢Y]\OPKJmVgK~MXOY*Zs_fKQM¢YrMXO[c*SO"U¢Y*MQJLc]VAw,MXOY]Zs_fKQMXY*MXOiejOY*V@K
MNH@OMNH9UNc]k@\]HsS9k9M[ejOY*KQk9UNOZY*MnMNH9OJRVsS9k9M[Y*V@Zc]ksMNS9k9M[c]bMQH@OS9JmSO"aRJmV@OJLKnOopk}Y*aY*V@Z UNOPegY*JRV9KnUNc]k@\]H9am_
hc]V9KQM¢YrV,Mnc	O"UMQJRejO]A_AO"MnMQH@OS9JRS1OPamJRV@O[hc]V@K~JLK~Mc*b$Ù KQMXY]\OPK
»TJRUNKQM^c*bY*amaIOWV@c	úMNH}Y*M^JmbOH}YOV@cMXc]]OPV@KJRV¿YS9JmSO"aRJRV9O]JRMlxJRaRaH}YO¨O"UXcMNH9UNc]k@\]H9Ssk9M
aRKNc9pO[hYrVgV@O"OPUH}YOnegc]UNOxMXc]]OPV@KIJmVjMQH@OiS9JRS1OPamJRV@OMQH}Y*M#JRM#H}Y]K#9k9¸1OPUIhY*S@Y]hPJmM`_pH@OPV9hOPbdc*UNMNHhY*amaLOZ
µQKQMXY*MNJRhjK~aqY]hX,·9$Ú¼7VMNH@OjhY]KQOgc]bMQH@OjH@Y*aRbq9ks¸O"UXK$Ú
d8Û

àOjJRVWMQUXc,Zsk@hOµ~H@c*aLOKQ·£MNc£JRV9ZsJLhY*MXOMNH@O
Y*@KQOPV@hPOfc*bYgMNc]O"VAAxH@OPUNOMQH@O|VWk9e|1OPUc]b#H@c*aLOKJRK=ÚM6
Õ
àH@OPV MNH@O|SsJRS1OPaRJmV@OJRK[bqk9ama71V9c]V@O^c]b{MNH@O
MXc]]OPV@KiH}Y]KnY µ~H@c*aLO·^MNcejc	OJRVWMNc99KNcMNH9OMQH9UXc*k@\]H9S9ksMnJRKiY*aLKQc^¨O"UXc9
¼7b(IO|JmVWMNUXc,Zsk@hPOMNc]O"V@KY*M[xJRZ9OPam_KQS}Y]hPOZJRVWMNOPUN*Y*aRK}MNH@OMXc]]OPV@K¹@c	ßbdc]UQY*UNZMNH9UNc]k@\]HY*VOPefS9M`_
S9JRS1OPamJRV@O*@Y*V@Z£O"¤,JRM[Y*bqMNOPUiMNH@OMXc*M¢Y*aAbdc]UQYrUXZ£aLY*MXO"V@hP_]@xH9JLhXHJRKZÙ
ÓyÔ§Õ
t;Ð ÙWì>ÐÛ*z"GIH@O
ÓyÔ§Õ
JRKiV9OOZsOZ
H@OPUNO1OhY*k@KNOnJRbÌMNH@OffiÐÛ[JLK{KQaRc	IO"UMQH}Y*VgMQH@OffiÐÙWWMNH9OnMXY*JRa@c*b©MNH@OiMXc*OPVgaqY]\K(1OPH9JmV@ZMNH@OiH@OY*Z©sYrV@ZjxJmaRa
KQaRc2 Z9c	xVMQH@OMXc]]OPV@K1OPHsJRV@ZgJmM(GIH9OhP_,hPaRO[MNJmegOnJLKMQH@O[bdc]UQYrUXZaqYrMXOPV9hP_jZsJRWJLZsOZgW_gMQH@O[VWk9e|1OPUc]b
MXc]]OPV@KP
ÛCÜvÝTÞßáà¦âTã àä;å
Þ

þ?%
w,M¢YrUNMNJmV@\bqUNc]eÜYbqk9ama4S9JmSO"aRJmV@O]2IOIhY*V^aRc4c]YrMMNH9OIS9UXc*9aLO"eãbqUNc]eßMNH@OSc]JmVWMc]b@WJROP¿c]b@H@c]aROKCegc	WJRV@\
}Y]hXWIY*UXZ©n½[V@hPOlY*\pY*JRV©sJRbCMNH@OH@c]aROKnY*UNOKQOPS}YrU¢Y*MNOZ xJRZ9OPam_JRVMNJmegO*sMNH9OP_xJRama©V@c]MY*¸1Oh"M[OY]hXHc]MQH@OPU
Y*V@Z¾xJmaRa{O"¤,JRM^Y*bqMXO"U|MNH@OjMXc]MXY*a@Y]hXWY*UNZ¿aLY*MXO"V@hP_]xH9JLhXHJRK
Û

t
Ñ
Ù
`@Ñ
Û*z¥ÔOPUNO]MQH@OhP_,hPaROgMNJmegOJLK
Û
7æ
â;ç
æ
ä
èé
Þ
GIH@O|JmV,MNOPUNKNOh"MNJRc]Vc]b#MNH@Obdc]UNIY*UXZYrV@Z}Y]hXWIY*UXZ hc]V9KQMNUXY*JRVWMNK[JLKnbdc]k9V@ZMNcO^YrM=UOPoWk@Y*aMNc
MNH@Obdc]UQYrUXZaqY*MNOPV@h"_c	O"UiMNH@OhP_,h"aLOMNJmegOffiÒsxJRMQH£Y^S1OYrMNH9UNc]k@\]HsS9k9Mic]b  
ê
#GIH@OMNHsUXc]k@\*H9S9k9MiO"UXK~k@K
MXc]]OPV@Kn\]UXY*S9HJLKnY|MNUQJqY*V@\*aLO]
GIH@Oic]MNH9OPU(9k9¸1OPU(UNOK~H,ksßfJmV@\K#S9UXc,Zsk@hPOxKQJmejJmaqY*UCUXOPKQk9amMXKWO¥¤shPOPS9M#MQH}Y*M(MNH9OP_|egY_lH}YOxJmV,MNOPUQV}Y*a@h"_4h"aLOPK
xH9JLhXH£Y*UNOKQaRc	IO"UxMNH}Y*VMQH@OH}Y*V9Z9KQH}YrOc]V@OPKsxH9JRhXHhY*Vh"k9Mic]¸ MQH@OMXc*Sc]bAMNH@OMQUNJLY*V@\]aRO[Y*V9ZegY*]O[JRM
YMQU¢Y*S1O¨Pc]JLZ©GIH@ObqksaRaRsk9¸O"U#H}Y]KYKQMXY*MNJRhK~aqY]hXÌ,p,c]b(ŁiSO"UK~M¢Y]\O*,sk9MIc*MNH@O"UNxJLKQOH}Y*KK~JRefJRaqYrUbdc]UNIY*UNZ
aqY*MNOPV@h"_Y*V@ZSOY*hP_,hPaROMQJRejO]@KNcgc]V9aR_gMNH@OUNJR\]HWMaRO\fc]bMQH@OMQUNJqYrV@\]aLOJRKxk@KQk}YraRaR_elk@hXHZsJm¸O"UXO"V,MiGCOPZ
àJRamaRJqYregKlH@Y]KZ9c]V9O MNH9JRKgYrV}Y*aR_,K~JLKjJmVÜ
g
[Y*V@ZhYraRaLKMNH9OKNO£UXO\*JLc]V@Kjc]bMNH9O£MNUXY*S1O¨c*JLZUNO\]JRc]V@Kµ~Z@Y*M¢Y
aRJmejJmMXOZs·9Tµ~H}Y*V@ZsKQH}Y*]OamJRefJRMXOPZ9·|YrV@Zµ§9k999aROaRJmejJmMXOZs·9
V@OP MXOPUQe µQZs_WV}YrejJRhKQaLY]hX,·t¬ëszJRK^Z9O
¡
V@OZ¿MXcJRV@Z4JLhYrMXOgMQH@OV,kse|O"Ufc]bMNc]O"V@KjY*M^xH9JLhXHMNH@O
MNH9UNc]k@\]HsS9k9MS1OY*,KP¼7M[JLKYgZ4JRejOPV@K~JLc]V9aROKQKk9V9JmMtamJR]OlKQMXY*MNJRhlK~aqY]hXsz"¼7VhY]KNOPKxH@OPUNO|MNH@O|MQH9UXc]k9\]H9S9k9M
hPk9UQOnJLK{YMQU¢Y*S1O¨Pc]JLZMNH9JRK#aROPbqM{OZs\Oc*bMNH9On¹}YrM{S1OYr^JLK#Y*M#MNH9Oµ~efJRVsJRe|k9eÜZs_WV}Y*efJLhiK~aqY]hX,·jtë§ì3íïî	z(Y*V9Z
MNH@O(UQJL\]HWM<OZs\O{JRK<Y*M<MNH@Oµ~egYr¤,JRelk9eÀZs_WV}YrejJRh(KQaqY*hX4·të§ì
Ø.ð
z¥Þ[_WV}Y*efJLh(K~aqY]hX[JLKAJRVWO"UXKQOPaR_SsUXc]S1c]UNMQJLc]V@Y*a
MXc GCOPZàJRamaRJLY*egK21Z4_,V@Y*ejJRhfIYO"aLOPV9\]MNHAT9k9MJRMYk9KNOPbqksaIhPc]V@hO"S9Ml1OhY*k@KQOgJRMJRKZsJmegO"V@KQJRc]V9aROKNKY*V9Z
Y*V}Y*aRc\c]k9KIMXcfKQMXY*MNJRhKQaqY*hX1
GIH@OiOopk}Y*MQJLc]V9K{\]c2]OPUQV9JRV@\MNH9OnMQH9UXc]k9\]H9S9k9M#]OPUXK~k@KMNc]O"V@K#MNU¢YrSOP¨c]JRZfc*b©YaRJmV@OY*US9JRS1OPamJRV@OIxJmMNHS1OY*
MNH9UNc]k@\]HsS9k9MZñ9Zs_WV}Y*efJLhK~aqY]hXyë§ì3íïîMNcFëì
Ø.ð
}YrV@Z£K~M¢Y*MQJLhK~aqY]hXtÚY*UXO*Ö
×
t
Õ
z
d
ñ
Õ
ë§ì3íïî7ò
Ð
Õzó
ë§ì3íïî
×
t
Õ
z
d
ñ
ò
Ðffië§ì3íïî
ómÕzó
ë§ì
Ø.ð
×
t
Õ
z
d
ñ
ÚZ6
Õ
ÚZ6ë§ì
Ø.ð
ò
ÐMë§ì
Ø.ð
óOÕ
Ö
óO×
t
Õ
z
GIH@OVWk9e|1OPUnc]b<MXc*OPV9KiJmVMNH@OS9JmSO"aRJmV@OJRKOopk}Y*aAMNc|MNH@Obdc]UQYrUXZaqY*MNOPV@h"_c	O"UiMNH@Oh"_4h"aLOMQJRejO^tvY*V9Z
aRJmOPxJRKNO^bdc]UMNH9OfH@c*aLOKY*V9Z MQH@Of@Y]hXWY*UNZaqYrMXOPV9hP_sz"gGIH9JLKY*aRIY_,KH@c*aLZ9KJRVKQMNOY]Z4_KQM¢YrMXO]TKQJmV@hOMNH@O
MXc]]OPV@KYrUXOlO"O"V9aR_£KQS}Y*hOZJmVMNJmegOK~k@hXHMNH}Y*MMNH@OVWk9e|1OPUJmVYjS9JmSO"aRJmV@OxJRaRa<1OlJRMNKnaLY*MXO"V@hP_ZsJmWJLZ9OPZ
W_MQJRejOKNOPS@Y*U¢Y*MQJLc]V c]bMNc]O"V@K^tMQH@Olh"_,hPaLOMNJmegOz"xÕ(opk9JR*Y*aROPVWMNam_@MNH9Obdc]UQY*UNZ aqYrMXOPV9hP_JLKnOopk}YraTMNcgMNH@O
VWk9e|1OPUc*b@MXc]]OPV@Kc	]OPUMQH@OMQH9UXc]k9\]H9S9k9M(GIH@O"UXOPbdc*UXOIMQH@Obdc]UQYrUXZ^Y*V9Zl}Y]hXWIY*UXZ^aqYrMXOPV9hP_Y]KYibqk9V@h"MNJLc*V
c]bMNc]O"V@KiJRVMNH@OS9JmSO"aRJRV9OhY*VOJRVsbdOPUNUNOZbqUXc]e MNH@OMNHsUXc]k@\*H9S9k9MnO"UXKQk9KMXc*OPV9K[hPksUNO*xGIH@Obdc]UNIY*UNZ
aqY*MNOPV@h"_jUNOPegY*JRV9KhPc]V@KQMXY*VWMnY]KMQH@O[MQH9UXc]k9\]H9S9k9MIJRV@h"UXOY*KNOKaRJRV9OY*UQaR_^xJRMQHMNH9O[VWk9e|1OPUxc]bAMNc]O"V@K(àH@O"V
tvY*V9ZJRbXzMQH@OgJRVWMNOPUNV@Y*aIh"_,hPaLOjaRJRefJRMMXY*OPK^OP¸1Oh"MMNH9OPVMNH9Ogbdc]UNIY*UNZaqY*MNOPV@h"_JmV@hPUNOY]KQOKlSsUXc]S1c]UNMQJLc]V@Y*MXO
MXcMNH@OVWk9e|1OPU|c*bMXc]]OPV@KPKQJmV@hOfMNH@OMNHsUXc]k@\*H9S9k9MUXOPegY*JmV@Khc]V@K~M¢Y*VWMJRV MNH9JRKUNO\]JRc]VA»TJmV}Y*aRam_©xH@O"V
MNH@O£S9JRS1OPamJRV@OJLKf9k99saLO£amJRefJRMNOZ©{MNH@O bdc*UNIY*UXZaLY*MXO"V@hP_JRKjJRV9hPUXOY]KNOPKY]K
Þ
èé
Þ
xH9JRhXH Y]KQ_WefS9MXc]MQJLhY*aRam_
Y*S9S9UNcpY]hXH@OPK[JRV
¡
V9JRM`_£Y]KnMNH@OS9JRS1OPamJRV@O
¡
amaLKik9SA[ÂKQJRefJRaLY*Ux\]UXY*S9HJRKegY]Z9Obdc]U@Y]hXWY*UNZaqY*MNOPV@h"_GIH9O
Oopk}Y*MQJLc]V9KYrUXO]Ö
þ
"
Ðt
Õ
z
d
Õ
×
t
Õ
z
Ñ
t
Õ
z
d
Úb6
Õ
×
t
Õ
z
GIH@O^MNH9UNc]k@\]HsS9k9MO"UXK~k@KMNc]O"V@KhXH}Y*UXY]hPMNOPUNJR¨Y*MQJLc]V
×
t
Õ
zH@Y]KOPV@c*k@\]H JRV9bdc]UQeYrMNJLc*V MXcSsUXOZ4JLhPM1c]MQH
KQMNOY]Zs_p7KQM¢YrMXOMQH9UXc*k@\]H9S9ksMxY*V@ZfaqY*MNOPV@h"_¼7MM¢Y*]OK{bdc]k9U{S}Y*U¢YregO"MXOPUNK{MNclhPc]ejSsaLOPMNOPam_^Z9OKQhPUQJR1OYMNH9UNc]k@\]Hs
S9k9MMNUXY*SOP¨c]JRZ©fGIH@OS}Y*U¢YregO"MXOPUNKegY_JRV9hPaRk9Z9OY*VW_bdc]k9Uc]bIKQM¢YrMNJLhK~aqY]hXÌ<ejJmV9JRe|kseïZs_WV}YrejJRh^KQaqY*hX1
eY2¤4Jme|k9e Z4_,V@Y*ejJRhjK~aqY]hXÌS1OYr MQH9UXc*k@\]H9S9ksMbdc]UQYrUXZaLY*MXO"V@hP_ c]U}Y]hXWIY*UXZ¾aLY*MXO"V@hP_]½[V9am_KQM¢YrMNJLh
KQaLY]hXhY*VOfhYraLhPksaqY*MNOZbqUXc]e YhPJmUXh"k9JRMZsJLY]\]U¢Yre Ð<MNH@Ofc]MQH@OPUNKUNOopk9JRUNOgYMNJmejJmV@\KQJme|k9aLY*MNJRc]Vc]UOKQMQJm
eYrMXO]$!c]MNO[MNH}YrMxZs_WV}Y*efJLhKQaqY*hXgegY	_*Y*UQ_jJmV@Z9OPS1OPV9Z9OPVWMNam_c]b<K~M¢Y*MQJLhK~aqY]hXÌ@YraRMNH9c]k@\]HjJRMIelk@KQMUNOPegY*JRV
c*k9V@Z9OPZW_¨O"UXc Y*V@ZMNH@OKQMXY*MNJRh^KQaLY]hXÌgGIH9JRKegOY*V@KMNH}YrMMQH@O^SOY*JLKV9c]MV@OhPOKNKNY*UNJmaR_YrMH@Y*aRb{MNH@O
KQMXY*MNJRhKQaqY*hX1}Y*KnhPc]efegc]VUQk9aLOPKic]bTMQHWk9e|JRefS9aR_]
A
B
»CJL\]k9UNO
{
Ö#GIc#_©JRV@OY*UnyJRS1OPamJRV@OPK
»TJL\*k9UXOFlZsJLK~S9aqY_,KMNH9UNc]k@\]H9Ssk9M]OPUNKQk@KlMNc]O"V@KMQUNJLY*V@\]aROKbdc]UM`c£S9JmSO"aRJRV9OKegY]Z9Ok9S¾c]bMNH@OOY*
hc]V9ZsJRMQJLc]V aLc\*JLh|H}Y*ambq9k9¸1OPUc]bi»CJL\]k9UNOŁGIH@OKQOgM`c 9k9¸1OPUNK|Y*UNOjK~H@c	xVKNhXH@O"eY*MQJLhY*aRam_JRV»TJL\*k9UXO
{

GIH@OS9JmSO"aRJRV9OK#IO"UXOZ9OPKQJL\*V@OZxJmMNHZsJm¸O"UXO"V,MKQM¢YrMNJLhKQaLY]hXÌsMNUXY*V@KQJRKQMNc]UK~JL¨OPK4Zs_WV}Y*efJLh[K~aqY]hXÌ@YrV@ZgS1OY*
MNH9UNc]k@\]HsS9k9MGIH@OP_H}YOV@cjJmVWMXOPUQV}Y*a<h"_4h"aLOPKiÔc	OP]OPUÌMNH@O"_Z9cgYrS9SOY*UnMXcH}YO|YfKQamJL\]HWMNam_hXH@c*S9SOPZ
c]¸S1OYr1GIH9JRKJLKnOPhY*k@KQO^MNH@O|hPc]JRV9hPJLZsOPVWMY*UQUNJR*Y*aTc]b(M`cJRV9S9ksMXK[JmV,MNcYh"7OPaLO"egO"VWM[H}Y]KYKQc]ejOPxH}Y*M
aqY*UN\OPUK~xJRMXhXHsJRV@\£Z9OPaLY	_K~JRV@hPOjMQH@OjOY*UNam_JRV9Ssk9MhY*V32 MlSsUXOhXH@Y*UX\OjKNc]ejOfc]bIMQH@OghXH}YrV9V@OPavÞY*M¢YS1c]JRVWMXK
IO"UXO^M¢YrOPV bqUXc*e Ôw4y#¼~uÕÀK~JRe|ksaqY*MQJLc]V@Knbdc]UYDesÝ
{?ô
e uBj½wS9UNc4hPOKQKYrV@Z
¡
MxJRMQHYMQUNJqYrV@\]aLO*lGIH9O
µQ[·S9JmSO"aRJmV@OlH}Y]KK~M¢Y*MQJLh^KQaLY]hX
þ
e4AZs_WV}Y*efJLh^KQaLY]hXk4i?"9CY*V9ZS1OYrMNH9UNc]k@\]HsS9k9M&"
g?{
j£Ô¨]fGIH@OµNû·
S9JRS1OPamJRV@OH}Y]KiKQMXY*MNJRhKQaqY*hX
þ³g
9Z4_,V@Y*ejJRhKQaLY]hXŁ
þ

þ
es9Y*V@ZSOY*MQH9UXc]k9\]H9S9k9MZ"9Ł
þ
j Ô¨*
ÂÃ¬Ä+ÃõÂ ö)÷°ø­ÌA÷°ÎfÆùÆ÷Ça÷+ú]ÅpÆÇÈÉ1ÊXË)ÆÌAÈ<Í¬Æ¬ÇCÈnÎ
½[V9aR_MNUNJmWJqY*a*hPJmUXhPksJRMXKAhPc]V@K~JLKQM<O"VWMNJRUNOPam_c]bsYH@c]ejc\OPV9c]k@K©aRJmV@OYrU©S9JRS1OPamJRV@O*Cj Y*VW_hPc]ejSsk9M¢Y*MQJLc]V9K©hc]el9JRV@O
ZsJR¸1OPUNOPVWMIM`_WS1OKc*b©S9JRS1OPamJRV@OPK{MQH}Y*M{9U¢YrV@hXHY*V@Z¦~c*JRVgY*V@ZgbdOPOZs}Y*hXjJmVgaLc,c]S@KPA!c	MQH}Y*MIO[k9V9Z9OPUNKQM¢YrV@Z
þ³g
050
100
150
200
250
300
350
400
450
500
0 5 10 15 20 25
t
hr
ou
gh
pu
t 
(M
Hz
)
tokens
Ta(x)
Tb(x)
"ring_a.dat"
"ring_b.dat"
»TJL\*k9UXO=lsÖ#GIHsUXc]k@\*H9S9k9Mb#OPUNKQk@KG<c]O"V@Kbdc]UnGIc_AJmV@OYrUny(JmSO"aRJmV@OK
MNH@OZs_WV}YrejJRh1OPH@Y	WJRc]Uc]bYH@c]ejc\O"V@c]k@K|amJRV@OY*U^S9JmSO"aRJRV9O](IOhYrVk@KQOMQH}Y*M^MNc 9ksJRaLZk9S¿MXcejc]UXO
hc]efS9amJLhYrMXOZK~_,KQMXO"egKP
GIH@Ol\]OPV@O"U¢Y*aY*S9S9UNcpY]hXHJRKxMXcjJmVWMNUXc,Zsk@hPOJmV@Z9OPS1OPV9Z9OPVWM[*Y*UQJqY*saLOKibdc]UnOY*hXHc]b5Ù H@c]ejc\OPV9c]k@KamJRV@OY*U
S9JRS1OPamJRV@Oyû
Õ
'
Ý Ý
Õ+ü
é
 >ý
MNH@Y*MJmV@ZsJRhY*MNOfMQH@OjVWk9e|1OPUlc]bMNc]O"V@K|JRVMNH}Y*MS9JmSO"aRJRV9OJmV¾K~MXOY*Zs_K~M¢Y*MNO]£Õ#Y]hXH
KNOPhPMNJRc]V£c]bTamJRV@OY*US9JmSO"aRJmV@O[e|k@K~Mic]S1OPU¢YrMXOxJRMQH9JRVJmMxMNH9UNc]k@\]H9Ssk9MiOPUNKQk@KiMXc*OPV9KnMQU¢Y*S1O¨Pc]JLZ©Ö
þ¦ß
ò
Öe
ó
ò 
Ù Ö³Öí
óm×
íqt
Õ
í z
uIc]V9V@OPhPMQJLc]V@K1OPM`OOPVMNH@OS9JRS1OPamJRV@OPKY*ejc]k9VWMMXcY]Z9ZsJmMNJLc*V}Y*ahPc]V@K~MNU¢YrJRVWMXKfc]V¿MNH@OKQ_,KQMNOPe££j Y*VW_
bdc]UNejKxc]bTKQ_WV@hXH9UNc]V9JR¨Y*MQJLc]V£hY*V1OZ9OKQhPUNJmOPZ£W_MQH@Ohc]V@K~MNUXY*JRVWMÖ
þ
d
Ö
	
Ö
Ö





GIH9JLKejOY*V9KMNH}Y*MMQH@OMNH9UNc]k@\]H9Ssk9MXKc]bMNH@OS9JRS1OPamJRV@OPKc]bKNO"M

YrUXOhc*V@KQMQU¢Y*JmV@OZ>MXcH}YO Oopk}Y*a
MNH9UNc]k@\]HsS9k9MXKPxJRMQHMNH@OScKQKQJm9aLOk@KNO^c]b{YgOPJR\]HWMNJmV@\gbY]h"MXc]U


§GIH9JRKKQ_WV@hXH9UNc]V9JR¨Y*MQJLc]VhY*VZ9OKQhPUQJR1O
MNH@Ofhc*V@KQMQU¢Y*JmV,MJmV,MQUXc,Zsk@hPOZ1OPM`OO"V¾MNH9OfJmV9S9k9MNKYrV@Zc]ksMNS9k9MNKc*bxY9k9¸1OPUNJmV@\aLc\]JRh|hO"aRa(MQH}Y*MY*aRIY_,K
UXOPhOPJmOPKjbqUXc*e Y*aRaxJmV9S9k9MNKjYrV@ZKQOPV@Z9KjMXcY*aRaic]ksMNS9k9MNK tY*aRa



d
Ł2z¥ëKQOPUQJLOKfhc*V9V@Oh"MNJRc]VJRK¦§k9KQMgY
KQ_WV@hXH9UNc]V9JR¨Y*MQJLc]Vhc]V@K~MNUXY*JRVWMlY*S9S9amJLOZMXcM`IcS9JRS1OPamJRV@OPKxJRMNH

d
ŁáKQMNUQJLh"MNaR_ JRVWMXO"UNaLOYOZKQS9amJRMJLK
egc,Z9O"aLOZfY]K{YMNH9UNOOxIY	_K~_WV@hXH9UXc*V9JL¨Y*MNJRc]VjxJmMNH

d
Łibdc]U(MNH9OnJmV9S9k9M{Y*V9Z

d
 

bdc]U(MNH9OnM`cc*k9MNS9ksMXK
þ
i
w,JRefJRaLY*UNam_4YjK~MNUNJRhPMQaR_JRVWMNOPUNaROYOPZ£ejOPUN\OJRKnejc,Z9OPaROZxJRMNH

d
 

bdc*UMQH@OM`cgJmV9S9k9MNK1Y*V@Z

d
Łbdc]U
MNH@Oc]ksMNS9k9M
ÓnV9bdc*UNMNksV}Y*MXO"aR_]MNH9JRKM`_WSOc]b{KQ_WV@hXHsUXc]V9JR¨Y*MQJLc]VJmejS9amJLOPKMNH@Y*MMNH9OMQH9UXc*k@\]H9S9ksMXKc]bOY]hXH c]b{MNH9O^hc]Vs
V@Oh"MXOPZS9JRS1OPamJRV@OPKY*UXOJRVKQMNOY]Z4_K~M¢Y*MNO]¼7bMNH@OfKQ_WV@hXHsUXc]V9JR¨Y*MQJLc]VJLKejc]UXOhc*ejS9amJLhY*MXOPZYrV@ZS9UNc4Z4k@hOPK
V@c]Vk9VsJRbdc]UQejam_KQS}Y]hPOZMXc]]OPV@KP9MNH@OY*KNKQksejS9MQJLc]V9KxY*aRaÌ9UNOY*gZ9c	xVA{GIH9JLKIH@Y*S9S1OPV@KxJRbAMQH@O[MNc]O"V£¹@c	>JLK
Z@Y*MXYZ9O"SO"V@Z9O"V,Msc]U(Jmb1MQH@Oxk9V9JmM{SsUXc,Zsk@hOPKc*k9MNS9ksMXK#JRV9k9UNKQMXKP#»@c]U(MNH@OPKNOnhY]KQOKP4MNH9OnK~JRefS9aRJ
¡
OZ µ~KQMXOY]Zs_
KQMXY*MXOP·fejc4ZsOPaAc]bCS9JmSO"aRJRV9OZs_WV}Y*efJLhPKnZsc4OPKiV9c]MnY*S9S9am_}Y*V9Z Y|bqk9amaAKNOY*UXhXH£bdc]UxMNH@Oh"UNJRMQJLhY*a©S}Y*MQH\]JR]OPV Y
hPaRcKNOPZ£O"V,WJmUXc]V9ejOPVWMiegY	_jOV@OPhOPKNKXYrUN_
4iJmV@\KhY*VJRVWMNUNc4Zsk9hOY]Z9Z4JRMNJRc]V}Y*ahc]V9KQMNUXY*JRVWMNKnc*VMQH@O
Õ
íq{GCc^1OJRVKQMNOY]Z4_KQM¢YrMXO]9MQH@OMXc]MXY*a©VWk9e|1OPU
c]b(MXc*OPV9KJmVMNH9OlUNJmV@\ge|k@K~MUXO"eYrJRVhPc]V@K~M¢Y*VWMAKQc
Õ
'
`Õ
 
`
Ý ÝmÝ
Õ+ü
é  
d
xH@O"UXO|MQH@O
Õ
2 KY*UXOlbdc*UMNH@O
KNOP\]egO"VWMXK#Y*UNc]k9V@Z^MNH9OIUNJmV@\9pY*V9Z

JLKTMNH@OMNc]M¢Y*av

JLKY*aLKQc,V9c2¿JRVsJRMNJLY*aRam_	K~JRV@hPOk9Sc*V^UXOKQOPM(MQH@O9k9¸1OPUNK
Y*UXOWV@c	ºMXcObqk9ama<c]U[O"ejSsM`_xûUXY*V@hXH9JmV@\YrV@Zf¦~c]JmV9JRV9\S@Y*MNH@KY*aRKNcfhc]V@K~MNUXY*JRV£MNH@OVWk9e|1OPUc]bMNc]O"V@K
JRVOY*hXH£9UXY*V@hXH£MXc^OOPoWk@Y*a7sxJmMNH£Yhc]V@K~M¢Y*VWMnc]¸1KNO"MnJmbTY*VW_MXc]]OPV@KiIO"UXOhPUNOY*MNOZJRVMNH@O9UXY*V@hXH@OPKc*V
UXOPKNOPMIGIH9OOPJR\]HWMXKnY*aRc]V@\^MNH@OS}YrMNH@Kxe|k@K~MnY*aLKQc^OOopk}YraAMXc^UXO"eY*JmVJRVKQMNOY]Z4_KQM¢YrMXO]
½[V@hOY*amaMNH9OhPc]V@K~MNU¢YrJRVWMXKiY*UNO,V9c2xV©9MNH@OaLOP\pY*a1U¢Y*V@\]Oc*bvÖíÌhYrV1OKNc]amOPZ Y]KiY|bqk9V9hPMNJRc]Vc]bCMNH@O
Õ
íq
¼7b(MNH@OS9JRS1OPamJRV@OPK[Y*UNO|Y*amahPc]V9V@OPhPMNOZMXcgOY]hXH c]MQH@OPUJRVKQc]egOeYrV9V@OPUWJqYfMQH@O|K~_,V9hXH9UXc]VsJL¨YrMNJLc*Vegc,Z9O"a7
MNH@O"VY*aRaCMNH@O|MQH9UXc*k@\]H9S9ksMXKxJRama1Ole|k9amMNJmS9aLOPK[c]b#OY]hXHc*MNH@O"UAY*V9Z c*V@O|S9JRS1OPamJRV@Ojtk9KQk}Y*amaR_ Y*VJRVsS9k9Mc]U
c]k9MQS9k9M¥zihY*V1OlhXH9cKNO"V MNcgH}YOMNH@Oµ~KQ_,KQMNOPeïMQH9UXc*k@\]H9S9ksMX·9aRaCc]b(MQH@OKQO^hc]V9KQMNUXY*JRVWMNKY*UNOS9JROhO"xJLKQO
aRJmV@OY*UfYrV@ZhPc]VWO"¤1iKNc MNH9JRK^JLKfYK~MNU¢YrJL\]HWMbdc]UNIY*UNZaRJmV@OYrU^S9UXc\*U¢Y*efejJmV@\ S9UNc]9aROPe MXc KNc*aRObdc]UfMNH@O
KQ_,KQMNOPe«MQH9UXc]k9\]H9S9k9MnY*KYlbqksV@hPMQJLc]Vc]bCMNH@O
Õ
íL{w,JRV@hPOuBj½wh"JRUXh"k9JRMNKIMNUXY*V@K~JRMNJRc]VY]KiOY*UNam_Y]KxMQH@OP_hY*VA
MNH@OK~MXOY*Zs_KQM¢YrMXOO"H}YWJLc]UixJRamaAhc*V,]OPUN\OMNcfMQH@ObY]KQMNOKQMY*amaLc	OZc]SO"U¢Y*MQJRV@\|S1c]JmV,MtKXz"GIH@OPUNOegY_O
eYrV,_fZ9OP\OPV9OPU¢YrMXOKNc*aRk9MQJLc]V@K#bdc]U
Õ
íÌY*MIMQH@OS1OYrjMQH9UXc]k9\]H9S9k9M49ksMc]V9am_MNH@O[MQH9UXc*k@\]H9S9ksMIJLK{JRefSc*UNM¢YrV,M
ÂÃ¬Ä+Ã 3É,ø­ÌvÍ¬ÈnÎ:÷+ú=ö)÷°ø­ÌA÷°ÎfÆùVÈhö*ÆÊvÆùÎ
GIH@OOP¸1Oh"Mc]b*Y*UNJRc]k@Kjhc]efSc]KQJRMQJLc]V9Kjc]VMQH@O M`cS9JRS1OPamJRV@OPKgc]b»TJR\]k9UNO
{
JRKgJRamaRk@K~MNU¢YrMXOZ¿bdc]UKQOP]OPU¢Yra
KQJmejS9aROnsk9MhPc]ejejc]VghY]KQOK#¼7bTYS9JmSO"aRJmV@OxJLKIhPc]V9V@OPhPMNOZJRVYUNJRV9\9pMNH@O[VWk9elO"Uxc]bAMXc*OPV9KJRVgJmMUNOPegY*JRV
hc]V9KQM¢YrV,M9Y*V9ZjMNH9OMNHsUXc]k@\*H9S9k9MIhY*VjOnS9UXOPZsJLh"MXOZgZsJRUNOhPMQaR_^bqUNc]e/JRMNK#MQH9UXc*k@\]H9S9ksMIO"UXK~k@KIMXc*OPV9KhPk9UQO*
Y]KxJRV£»TJR\]k9UXOMls
A
B
1
1
1
1
1
1
»TJL\]ksUXO|ŁVe4Ö#yY*UXY*aRaROPaCuIc]efS1cKQJmMNJLc*Vc]bGIIcjyJRS1OPaRJmV@OK
»TJL\*k9UXOfŁŁlK~H@c	iKMNH@OO"H}YWJLc]UxH@OPVMQH@OJmV9S9k9MNKY*V@Z c]k9MNSsk9MXKc*bMNH@OS9JRS1OPamJRV@OPK[YrUXOlK~_WV@hXH9UXc*V9JL¨POZ
Y]KJRV»TJL\*k9UXOŁVe4gûIc*MNH S9JRS1OPamJRV@OPKe|k@KQMUQk9VY*MMQH@OKXY*ejOfMQH9UXc*k@\]H9S9ksMlYrV@Z elk@KQMhc]VWMXY*JRVMNH9OjKNY*egO
þ
k
050
100
150
200
250
300
350
400
450
500
0 5 10 15 20 25
t
hr
ou
gh
pu
t 
(M
Hz
)
tokens
T(x)
Ta(x)
Tb(x)
"parallel_ab.dat"
»TJR\]k9UNO^ŁŁÖ#GIH9UNc]k@\]H9Ssk9Mb#OPUXK~k@KGCc]]OPV@Knbdc]UnyYrU¢Y*amaLOPaAuIc]efScK~JRMQJLc]Vc*bGIcyJRS1OPamJRV@OPK
VWk9e|1OPUc]bIMNc]O"V@KgGIH@Ofhc]e|sJRV@OPZ MQH9UXc]k9\]H9S9k9M]OPUXK~k@KlMNc]O"V@Kh"k9UN]OjJRKKQJRefS9am_ MNH9OJmVWMXOPUNKNOPhPMNJRc]Vc]b
MNH@Olc]UNJR\]JRV}Yra<hPk9UQOKftdxH9JLhXHegY_£V@cjaLc]V@\]OPU[1O^YjMQU¢Y*S1O¨Pc]JLZ19k9M[JLK[K~MNJmaRaChc]VW]O"¤9z"[KO¥¤,SOPhPMXOPZ©AMNH@O
UXOPKQk9amMNJRV9\S1OYrJLK^V@c]Mf\]UNOY*MNOPUfMNH}Y*VOPJmMNH@O"Ufhc]efSc*V@OPVWMOj£c]UNO£K~k9UNS9UQJLK~JRV@\]am_#MNH@OS1OY*¾JRKfY]hPMQk}Y*aRam_
KQegY*aRaROPU^MQH}Y*V1c]MQHc]b[MNH@Oc]UNJR\]JRV@Y*aS9JmSO"aRJRV9OKGIH9JLKJLKc]bhPUNk9hPJqYraxJRefSc]UQM¢Y*V9hOJRVKQaLY]hXeYrMXhXH9JmV@\9
KQJmV@hOgM`cOopk}YraRaR_bY]K~MHsJL\]H9am_c]S9MQJRefJL¨OPZS9JmSO"aRJmV@OKhY*VS1OPUQbdc]UNe S1c4c*UNaR_JmV¾S}Y*UXY*aRaROPa(JmbxMNH@O"_Z9c*V32 M
Y*aLKQcfH@Y	]OlMNH9OlKXYregOZs_WV}Y*efJLhKQaLY]hXÌZ!c]MNOMNH@Y*MMQH@OKQM¢YrMNJLhKQaLY]hXJLKxJRUQUXO"aLOP*Y*VWMnJRbTMNH@OZs_WV}Y*efJLhKQaLY]hX,K
eYrMXhXHA£»@c]UMQH@OgK~JRefS9aLO9k9Mlhc]efejc]VhY]KNOgc]bMNH9OgJRVWMXO"UXKQOhPMQJLc]Vc]bxM`c MNUQJqY*V@\*aLOKxH@O"UXOc]V9OjJLKV@c]M
xH@c]amaR_hc*V,MXY*JRV9OZJmVMQH@Ogc]MQH@OPUMNH9OjUXOPKQk9amMNJmV@\£S1OY*MQH9UXc]k9\]H9S9k9M|Y*V@Z¾Z4_,V@Y*ejJRhjK~aqY]hXY*UNOjbdc]ksV@Z¾Y*M
MNH@OJRVWMXO"UXKNOPhPMQJLc]Vc*b©MNH@OUNJL\*H,MKQJRZ9O[c*bAMNH@OnMNUNJLY*V@\]aROxxJRMNHgaLOKQKNO"UxZs_WV}Y*efJLhnKQaLY]hXYrV@ZgMNH9O[aLO"bqMIK~JLZ9Oc]bAMNH@O
MNUQJqY*V@\*aLOxJRMQH\]UNOY*MNOPUZs_WV}Y*efJLhKQaqY*hX1[uY*amaAMNH@OZs_WV}Y*efJLhKQaqY*hX11KQMXY*MNJRhK~aqY]hXÌ1Y*V@Z S1OY*MQH9UXc]k9\]H9S9k9M
c]bCS9JRS1OPamJRV@Oë
Ø
+Ú
Ø
@YrV@Z(ñ
Ø
}YrV@ZaRJR]OPxJRKNObdc]UxS9JmSO"aRJRV9Oû[+_AOPMZë
Ø
ó
ë]#GIH@OJRVWMXO"UXKNOPhPMQJLc]VJLKnY*MÖ
ÕDd
ñ
Ø
ëVÚ
Ø
ñÚ
Ø
6ñxë
Ø
`
ñ
Ø
ë
Ö
d
ñ
Ø
ñffVÚ
Ø
ñÚ
Ø
6ñxë
Ø
`
ñ
Ø
ë
GIH@O^Z9OP\]U¢Y]Z9Y*MNJRc]Vc]b#MNHsUXc]k@\*H9S9k9MZsk9O|MXcZs_WV}Y*efJLhlKQaqY*hX efJLKQegY*MNhXHO"M`IOPOPVS}Y*U¢YraRaLO"a<S9JRS1OPamJRV@OPKJLK
bY*JRUQaR_ \]U¢Y]Z4k}Y*a7gw,k9SsScKQOjMQH@OfS1OYrMNH9UNc]k@\]H9Ssk9M|YrV@ZK~M¢Y*MQJLhKQaLY]hXc]bIMQH@OM`Ic SsJRS1OPaRJmV@OKOPUNOgOPoWk@Y*a7
þ?{
A B11
»TJL\*k9UXO^Ł
þ
Ö{w4OPUQJLOKuIc]efS1cKQJmMNJLc*Vc]bGIIcgy(JmSO"aRJmV@OK
0
200
400
600
800
1000
0 5 10 15 20 25 30 35 40 45 50
t
hr
ou
gh
pu
t 
(M
Hz
)
tokens
T(x)
Ta(x)
Tb(x)
"series_ab.dat"
»TJR\]k9UNO|Ł
%
Ö{GIH9UNc]k@\]H9Ssk9Mb#OPUXK~k@KGCc]]OPV@Kibdc]Uw4O"UNJROKuIc]efScK~JRMQJLc]Vc*b(GIcgyJRS1OPamJRV@OPK
GIH@Oc]UNKQMIS1cKQKQJRsaLOnZs_WV}Y*efJLhiKQaLY]hXejJRKQegY*MXhXHfIc*k9aLZfOixH@OPVDë
Øfi
elY*V9ZXë
fi
ÚpGIH9JLK{Ic]ksaLZj_WJROPaLZ
Y|MNH9UNc]k@\]H9Ssk9Mnc]bvÖ
dffifl

xJmMNH
ÕDd
è

p_AOPKNKiO"¤,MNUNOPejOefJLK~eYrMXhXH@OPKUNk9VbY]K~MXOPU
»TJL\*k9UXOŁ
%
K~H@c	iKgMNH9O£1OPH}YWJLc]UjxH@OPVMQH@O£M`c¾S9JmSO"aRJRV9OKfY*UXO£hc]VsV@Oh"MXOZJmVKQOPUNJROKY*KjJRV»TJL\*k9UXO
Ł
þ
¿amMNH@c]k9\]HMNH@O"UXO£Y*UXOZsJm¸O"UXOPVWMVWk9e|1OPUNKjc]bMXc]]OPV@KJRVMQH@OM`cSsJRS1OPaRJmV@OKP(JRM^JLK^V@c*MfJmejS1c]UQM¢Y*VWM
MXcZsJRKQMQJRV@\]ksJLKQHH@c	úegY*VW_MNc]O"V@KfY*UXOgJmVOY]hXHS}YrUNM ¼7VbY]hPM#Y*M|ejcKQMlMNH9UNc]k@\]H9Ssk9MXK|MQH@OPUNOxJmaRa{O
eYrV,_Z9O\O"V@OPUXY*MXO KNc*aRk9MQJLc]V@KxJmMNH>MNH9O KNY*ejOMQH9UXc*k@\]H9S9ksMsk9M£Y¿ZsJm¸O"UXO"V,MZsJRKQMQUNJRsk9MNJRc]V>c]bMXc]]OPV@KP
¼7V@KQMNOY]Z4Ohc]V9KQJLZsOPUIMQH@OiMNH9UNc]k@\]H9Ssk9MI]OPUXK~k@KMNH9OMXc*M¢Y*a}VWk9e|1OPUc]b©MNc]O"V@K@YraRaLc	xJmV@\MNH@OZsJLK~MNUNJm9k9MQJLc]V
MXcY*ksMXc]egY*MNJRhY*amaR_c*S9MNJmejJR¨O#JRMXKQOPamb§»@c]U(OY]hXHS}Y*UQMNJLh"k9aqYrUMNHsUXc]k@\*H9S9k9M]IOihY*VKNOPOixH@Y*MU¢YrV@\Oxc]b@MNc]O"V@K
hc]ksaLZOJmVOY]hXHS9JRS1OPamJRV@O*9Y]Kx\*JRO"V£W_MQH@OMNUQJqY*V9\]aLO*(GCc\O"MiMNH@OUNOKQksaRMNJmV@\|U¢YrV@\O]9OY]Z9ZMNH@OK~eYraRa
OPV@ZsKlY*V9ZMQH@O^aqY*UN\O^OPV9Z9Kc]bMQH@O^U¢Y*V9\OKPg½[WWJLc]k9KQaR_ IOhYrV32 MH}Y]OgYMNHsUXc]k@\*H9S9k9MH9JR\]H@OPUMQH}Y*V MNH@O
KQaRc2OPU[S9JRS1OPamJRV@O*GIHsJLKejOPMQH@c,Z£MNUXY]hOPKc]k9MMNH@OMNUXY*SOP¨c]JRZ c]b{»CJL\]k9UNOjŁ
%
[»@c]UnMNH9OlKQJmejSsaLOhY]KQO|c]bM`c
MNUQJqY*V@\*aLOKP4MQH9JLKaROY]Z9KxMNcMQH@Obdc]aRaRc	xJRV@\|OPopk}Y*MNJRc]V@Kxbdc]Ubñ1ë§ì3íïî*1ë§ì
Ø.ð
Ö
ñ
d Ó
ò 
tñ
Ø
ìflñz
þ
l
ë§ì3íïî
d
ë
Ø
ñ
ñ
Ø
`
ëxñ
ñ
ë§ì
Ø.ð
d
Ú
Ø
6
ñ
ñ
Ø
t;Ú
Ø
6ë
Ø
z
`
Ú!b6
ñ
ñ
t.Ú"b6ë	z
A
B
1
0.5
0.5
0.5
0.5
1
»TJR\]k9UNO^Łf"9Ö(¼7VWMXO"UNaLOYOZuIc]efScK~JRMQJLc]Vc*bGIcyJRS1OPamJRV@OPK
0
200
400
600
800
1000
0 5 10 15 20 25 30 35 40 45 50
t
hr
ou
gh
pu
t 
(M
Hz
)
tokens
T(x)
Ta(x)
Tb(x)
»TJL\]ksUXO|Ł
g
Ö#GIH9UXc]k9\]H9S9k9MZ#OPUNKQk@KG<c]O"V@Knbdc*Ui¼7V,MNOPUQaLOY]OZuIc*ejS1cKQJmMNJRc]Vc]bGIIcjyJRS1OPaRJmV@OK
»TJL\*k9UXO|Ł
g
K~H@c	iKnMQH@OO"H}Y,JRc]Unc]bTKQMNUQJLh"MnJmVWMXOPUQaLOY	WJmV@\^O"M`IOPOPV MQH@OM`IcS9JRS1OPamJRV@OPK#GIH@Ohc*V@KQMQU¢Y*JmV,M
H@OPUNOJRKfY*aRejcKQMlMNH@OKXY*ejOY]K^bdc]U^S}Y*UXY*aRaROPaSsJRS1OPaRJmV@OKP¿Ôc	IO"O"UMNH9OUNOK~k9aRMNKgY*UNOJRVWMXO"UNS9UNOPMXOPZZsJm¸O"UQ
OPVWMNam_}KQJmV@hOMQH@OMNc]O"V32 KJRVOY]hXH 9UXY*V@hXHYrUXOZsJR¸1OPUNOPVWMGIH9JRKnMXY*OPKnMQH@OJmVWMXOPUNKNOPhPMNJRc]VA@9k9MnZ9c*k99aLOPKxJRMXK
%
e
MNH9UNc]k@\]HsS9k9MY*V@ZVWk9e|1OPU{c]bÌMXc]]OPV@KP{¼7VfS9UXY]hPMQJLhO*pJRMJRK#JmejS1cKQKQJRsaLOMNceY*]OnYS1OPUQbdOhPM#JmV,MNOPUQaLOY]OPU#xJRMQH
Y*VjY*UNsJRMNUXY*UNJmaR_H9JR\]HSOY*|MNHsUXc]k@\*H9S9k9MUXOY*aRJRKQMNJRhKQSsaRJRM(Y*V@Z^egO"UX\OxhY*VfOxejc4Z9O"aLOPZY]K{YK~H@c]UQM{amJRV@OY*U
S9JRS1OPamJRV@OxJRMNHUNOY]KQc]V}Y*9aROMNH9UNc]k@\]HsS9k9MiJRVKNO"UNJROKxxJRMQH£MQH@OJLZ9OY*a©JRVWMNOPUNaROYO"U
ÂÃ¬Ä+Ã$# %pÊŁÈÈ'&(*)5ÈÊŁÎ
ú9JmV}Y*UQ_MNUXOPOj9ks¸O"U|hYrV¾OfeY*Z9OfW_UXOPhPk9UNKQJmOPam_JmVWMXOPUQaLOY	WJmV@\1OPM`OO"VaRJRV9OY*U9k9¸1OPUNK(4nOY*aRJRKQMQJLh
Y*aRMNOPUQV}Y*MNJmV@\|K~S9aRJmMxY*V@ZejOPUN\OhO"aRaLKY*UXOejc4ZsOPaLOPZY]KxK~aqY]hX  

9ks¸O"UXKxbdc]aRaRc	IOPZc]US9UNOhOPZ9OZW_Y*VJLZsOY*a
JRVWMXO"UNaROYO"Uw,k@hXHsk9¸O"UXKnH}YOlaRc]V@\OPOPVWV@c	ºMXcfH}YOZ9OK~JRU¢Yr9aLOS9UXc*SO"UNMNJROKPÌJmV@hPamk@ZsJRV9\jYbdc]UNIY*UNZ
aqY*MNOPV@h"_Y*V@Z£OPV@O"UX\]_Z4JLKNK~JRS}YrMNJLc*VMNH}Y*MiJRKnc*V9aR_aRc\pY*UQJRMQH9ejJRhnJmVMNH@OKQMXY*MNJRhK~aqY]hXÌ{V£k9V@Z9O"UXKQMXY*V@ZsJmV@\fc]b
KQaLY]hXegY*MXhXH9JmV@\|JRamaRk@K~MNUXY*MXOPKKNO"OPUXY*aTc]MNH@O"UxJRVWMXO"UXOPKQMNJmV@\^S9UXc*SO"UNMNJROKP
GCc hc]efS9k9MNOjMNH9Ogc	O"U¢Y*amaMQH9UXc]k9\]H9S9k9MO"UXKQk9K|MXc]]OPV@K^h"k9UN]Ogbdc]U^Y9JRV}YrUN_MNUNOOgsk9¸O"UMQH@OOY]KQJROKQM
Y*S9S9UNcpY]hXH^JRKCMNc
¡
\]k9UNOc]k9MCMNH9OIU¢Y*V9\OIc]b@MNc]O"V@KJmV^OY]hXHKQO\]ejOPVWMbdc*UY*VW_\]JR]OPV^c	]OPU¢YraRa,MNH9UNc]k@\]H9Ssk9MM
OY]hXHJmV,MNOPUQaLOYWJRV9\9,MQH@OMNHsUXc]k@\*H9S9k9MJRKIUXOPZsk@hPOZ,_jH}Y*amb§[Z9Z4JRV@\lksS YraRaÌMNH@OaRc2OPUOPV@Z9Kxc*bCMQH@O[UXY*V@\OPK
Y*V@Z£Y*aRa1MNH@Ok9SsSO"UO"V@Z9KixJRama©\]JmOMNH@Oc	O"U¢Y*ama©U¢YrV@\Oc]bCMXc]]OPV@KY*MnY*VW_\]JmOPVc	O"U¢Y*amaAMNH9UNc]k@\]HsS9k9M
»@c]UY*VO"¤sY*efS9aLO*<Y]KNK~k9ejOMQH}Y*MMNH9OMQUXOPOJRK,+KQM¢Y*\OKZ9OO"SATY*V@ZMNH@O"UXO"bdc]UXO^JRVWMNOPUNaROYOPK1OPM`OO"V
þ.-
aRJmV@OY*Uf9k9¸1OPUNKÜÕ#Y]hXH KQS9amJRMgY*V@ZejOPUX\]O xJRaman1OY]KQKQk9ejOZMNcH}YO Y*V ÚY*V@Zmë¿hc*V@KQJRKQMXO"VWMxJRMNHY
V@c]UQeY*a19k9¸1OPUQJRV@\^hPOPaRavºKQSsaRJRMJLKIbdc*aRaLc	OZW_YlS1OPUQbdOhPMxJmVWMXOPUQaLOY	WJmV@\^KQS9amJRMsY*V9Z£Y|ejOPUN\O[JLKS9UXOPhOZsOZ
W_>Y¾SO"UNbdOh"MJRVWMXO"UNaLOY,JmV@\¾ejOPUX\]O]/GIH@O"UXOY*UXOY¾MNc]M¢Y*ac]b

amJRV@OY*U9ks¸O"UXKJRV>MNH9OhOPVWMNOPUO"O"V9aR_
ZsJRWJRZ9OZY*ejc]V@\fMNH@O
þ-
S}Y*MQH@K[KQKQk9ejO^OY*hXH S@Y*MNHH}Y*K/
è
10
MXc]MXY*aK~M¢Y*MQJLhlK~aqY]hXY*V@Z2/!3
10
MNc]M¢Y*aZs_WV}Y*efJLh
KQaLY]hXÌ([KNK~k9ejOYraRaÌSOY*jMQH9UXc*k@\]H9S9ksMXKiY*UNO@ñsY*V@ZMQH}Y*MiY*ama1MQH@OMNHsUXc]k@\*H9S9k9Mx]OPUXK~k@KxMXc]]OPV@Kih"k9UN]OKnY*UXO
MNUQJqY*V@\*aLOKP(GIH@OMXc]MXY*aAK~M¢Y*MQJLhKQaLY]hXJRK

Ú
`þ
Úpt
þ.-
6Ł2z"
¼7bÌY[S9JRS1OPamJRV@O#JLKCUNk9VfYrM#YMNHsUXc]k@\*H9S9k9M$Ö
ó
ñ]IOxhY*VhYraLhPksaqY*MNOMNH9OIU¢Y*V9\Oc]b@MNc]O"V@KJRMTejJR\]HWMhPc]VWM¢Y*JmV
Y]Kxbdc]aRaRc	iK(GIH@OMNUQJqY*V9\]aLOnJLKxZ9OPKNhPUQJR1OZ,_gMNH@OOopk}YrMNJLc*V@KÖ
Ö
d
ñ
Õ
ë
ò
Ð
Õzó
ë
Ö
d
ñ
Úb6
Õ
ÚZ6ë:ò
Ð
Õ54
ë
ä
JmO"VtÖ¥9OKNc]amObdc]U
Õ
ì3íïîY*V9Z
Õ
ì
Ø.ð
Y]KÖ
Õ
ì3íïî
d
Ö
ñ
ë
Õ
ì
Ø.ð
d
Úb6
Ö
ñ
t;Úb6ësz
»@c]Uc]k9U9JmV}Y*UN_MNUXOPOsk9¸O"UIOe|k@KQMjY]ZsZk9S¿MNH@O
Õ
ì3íïîY*V@Z
Õ
ì
Ø.ð
bdc]UjY*amaMNH@OaRJmV@OYrU|9k9¸1OPUNKjJRV
MNH@OMNUNOO]xbdc]UjMNH@OS}Y*UQMNJLh"k9aqYrUÖOY]hXH>c]V@OUNk9V@KY*MÁbqMXO"UKQc]egO£KQJmejS9amJ
¡
hY*MNJRc]VA#MNH9JRKfSsUXc,Zsk@hOPKMNH@O
O"¤,S9UNOKNK~JLc]V9KÖ
Õ
ì3íïî
d
Ł
þ
-

ë
`þ
+<ë
%
Ł
Õì
Ø.ð
d

Ú]6
Ł
þ
-
t

Úb6

ë4z
`þ
Úpt
þ
-
6Ł	z96
þ
+t;Úb6Gë4z
!c]MNOgMNH@Y*MlMQH@O
¡
UNKQM^MXO"UNejKUNOKQksaRM|bqUNc]e MNH@OamJRV@OY*Usk9¸O"UXK|JmV¾MNH@OjejJRZ9ZsaLOfc]bxMQH@OgMNUNOO*#xHsJRaLOfMNH@O
¡
V}Y*a(MNOPUQegKY]hPhc]ksV,Mbdc]UMQH@OKQaqY*hXJRV9H9OPUXO"VWMJmVMNH@OKQSsaRJRMNKY*V@ZejOPUX\]OKfGIH@OOPoWk@Y*MNJRc]V@KhY*VY*aRKNcO
KNO"S}Y*U¢YrMXOZJRVWMXc^c	]OPUNH9OY]Z Y*V@ZJRV@h"UXOPejOPVWMXY*aAMXO"UNejKÖ
6
ì3íïî
d
Ł
þ
-
ë
6
ì
Ø.ð
d
ÚZ6
Ł
þ
-
t;Úb6ë4z
7
ì3íïî
dÀþ
+<ë
7
ì
Ø.ð
dÀþ
Úpt
þ
-
6Ł2z96
þ
+t.ÚZ6ë4z
Õ
ì3íïî
d
6
ì3íïî

`
7
ì3íïî
Õ
ì
Ø.ð
d
6
ì
Ø.ð

`
7
ì
Ø.ð
w,k9S9S1cKQOyë
d
 
8
{Y*V@ZcÚ
d
 

(xH9JLhXHY*UNOgM`_WS9JLhY*a*Y*aRk9OKlbdc]UlIOY*hc*V@ZsJRMQJLc]VH}Y*aRbqsk9¸O"UNJmV@\hO"aRaRK
GIH@OPV£IO\O"MiMNH@Obdc]amaLc	xJRV@\M¢Y*9aRO]Ö
+
6
ì3íïî
6
ì
Ø.ð
7
ì3íïî
7
ì
Ø.ð
e esÝ
þ
esÝ
þ
e e
Ł esÝmŁ e4Ý
%§g
e4Ý" esÝ"
þ
e4Ýfie
g
e4Ý"
þ?g
e4Ý
{
ŁÝ
{
%
e4Ýfie
þ?g
esÝ "§i
þ?g
Ł]Ý
þ g
Ý
þ
" esÝesŁ
þ?g
esÝ "
{
Ł
þ³g
Ł]Ýfii Ł
þ
Ýi
GIH@OMNH9UNc]k@\]HsS9k9MiO"UXKQk9KMXc*OPV9Kh"k9UN]Obdc]UnY9+
dE%


dÀþ
e^sJRV}Y*UQ_gMQUXOO9ks¸O"UnJRKxKQH@c	xV£JRV£»TJL\*k9UXO
Łk4(¼7MiH}Y]KiK~M¢Y*MQJLhKQaLY]hXŁk,sejJmV9JRelk9eáZs_WV}Y*efJLhKQaLY]hXŁÝfik4@YrV@ZegYr¤,JRelk9e Z4_,V@Y*ejJRhKQaLY]hXŁf"9Ý "
g

[K|OJRV@h"UXOY]KNO:+1
6
ì3íïîgU¢YrS9JLZsam_Y*S9S9UNcpY]hXH@OPKFes{Y*V@Z
6
ì
Ø.ð
Y*S9SsUXcpY]hXH9OKÚ¼7VO"¸OPhPM#MNH9Oc2]OPUXY*aRa
MNH9UNc]k@\]HsS9k9MhYrVO|egY*JRVWMXY*JRV@OPZ xJRMQHO"UN_V@OY*UMQH@O^OPVWMNJmUXO|UXY*V@\O|c*b{MNc]O"V@KCe
ó Õó
ÚlGIHsJLKhYrV
O[O"¤,MNUNOPejOPaR_jk@KNO"bqk9a©JmVeY*VW_fY_,K{¼7VKNc*egOh"JRUNhPk9JmMXKsYlUNJmV@\|hc*V,MXY*JRV9KiYl]YrUNJqYr9aLOiVWk9e|1OPUic]bAMNc]O"V@K
Y*MZsJR¸1OPUNOPVWM[MQJRejOKx¼7b(MQH@OUQJRV@\IY]KJmejS9aROPejOPVWMXOPZJmVYaRJRV9OY*UibY]K~H9JLc]V©ÌJmMnc]k9aRZ V@c]M[Y*amY_,K[c]S1OPUXY*MXO
Y*MSOY*MNH9UNc]k@\]HsS9k9MÔc	IO"O"UxJRMQHY9JRV@Y*UN_MQUXOO9k9¸1OPUJRV MNH9OjUNJmV@\9AJRMefJL\]HWMc]S1OPUXY*MXOjY*MS1OY*
MNH9UNc]k@\]HsS9k9Mibdc]UnY|xJLZ9OUXY*V@\Oc]bCMXc*OPV9K
;{OPMiYrV@c]MNH9OPUiKQJR\]V9J
¡
hY*VWMS9UXc]S1OPUQM`_c]bTYl9JmV}Y*UQ_jMQUXOO
¡
bdc|JLKIMQH}Y*Mbdc]UIKNc]ejOS9k9UQSc]KNOKJmMhY*VO[elk@hXH
KQegY*aRaROPUMQH}Y*VYrV¾Oopk9Jm*Y*aLO"V,MaRJmV@OYrU
¡
bdc9w,ksS9Sc]KNOY9k9¸1OPUJLKMXc£c]SO"U¢Y*MNOgYrMS1OYr MQH9UXc*k@\]H9S9ksM|Y*V9Z
hc]VWMXY*JRVY aLY*UX\]OfVWk9e|1OPUc*bxMXc]]OPV@KPG<cegY*JRVWM¢YrJRVS1OYrMQH9UXc]k9\]H9S9k9MMNH@OjV,kse|O"U^c]biMXc*OPV9K|e|k@KQM
%pþ
»TJL\]ksUXO^ŁVisÖ#û{JRV}Y*UQ_GAUXOPOû{k9¸O"U
O|xJmMNH9JmVMNH@O|UXY*V@\Oc]bZs_WV}Y*efJLh|K~aqY]hXÌ»@c]UYaRJmV@OYrU[9k9¸1OPUCMQH@O^Zs_WV}Y*efJLh^K~aqY]hX ejJR\]HWM[1OjYrUXc]k9V9Z

8
c]b(MNH@OlKQM¢YrMNJLhKQaLY]hXÌ»@c]UYjMQUXOPOl9k9¸1OPUMNH@OeYr¤,Jme|k9e¶Zs_WV}Y*efJLhKQaLY]hX hY*V1Ole|k@hXHh"aLcKQOPU[MNcMNH@O
KQMXY*MNJRhfK~aqY]hXÌw,JRV@hPOfY*UXOYJRKSsUXc]S1c]UNMQJLc]V@Y*aMNcMQH@OfVWk9elO"Uc*bI9k9¸1OPUNKY*V@ZH@OPV@hPOjMQH@OKQM¢YrMNJLhK~aqY]hXÌTY
9JRV@Y*UN_|MQUXOPOisk9¸O"UMQH}Y*M{hYrVj]OOPSgMNH@OiKXYregOxVWk9e|1OPU{c]b1MXc]]OPV@K#egc	WJRV9\bY*KQM#ejJR\]HWM(Oxk9SjMXc
þ
Ý
g
MQJRejOK
KQegY*aRaROPUMQH}Y*V¾YamJRV@OY*U9k9¸1OPUg¼7VSsU¢Y]h"MNJLhPO]<MNH@OjY*UNOYc2]OPUQH@OY]Zc]bIMQH@OgYraRMXO"UNV}YrMNJRV9\K~S9aRJmMY*V@ZegO"UX\O
e|k@K~M[YraLKNc|1Ohc]V9KQJLZsOPUXOPZ©99k9Mibdc]Ux]OPUQ_aqY*UN\O

MNUNOO9k9¸1OPUNK9MNHsJLKxc	O"UNH@OY]Z JLKOPUQ_KQegY*aRav(»9UXc]eúMNH@O
M¢Y*saLO]TIOKQOOMQH}Y*MlMQH@O
6
ì
Ø.ð
tMNH9OgJRV@h"UXO"egO"V,MXY*a{JRV@h"UXOY*KNOgJmV¾eY2¤4Jme|k9e Zs_WV}YrejJRhjK~aqY]hXszc]bnY£Z9OPS9MQH
þ
¡
bdcJRKYraRUXOY]Zs_
{³g
²ëc]bMNH@OfKQMXY*MNJRhfK~aqY]hXÌCKNcV@c O¥¤4hOKQKQJmOgxJmUNJRV9\JRKV@OhPOKQKXY*UQ_MNc£c]sM¢Y*JmV MQH@OjY*UXOY
O"V@O
¡
Mc]bk@K~JRV@\f9JRV@Y*UN_MNUNOO
¡
bdcK]![YrMNk9UXY*aRam_@JRbMQH@Olc*s¦~Oh"MNJR]OJRKMXcfH}YOlaLY*UX\]OK~M¢Y*MQJLhKQaqY*hX1Y*MnaLc	
MNH9UNc]k@\]HsS9k9M9MQH@OaRJmV@OY*UI9k9¸1OPUixJRama©KQMQJRama©OZsOPV@KQOPU
Ãi­~Ã <²RLp>=@? L11É¯N³Ë
yJRS1OPaRJmV@OgZ4_,V@Y*ejJRhK^K~H@c]k9aRZ¾Ok@KQOZMXc\]ksJLZ9OgMQH@OZ9OPKQJL\*Vc*b[YS9JmSO"aRJmV@OZ¾K~_,KQMXO"e ¾w4OP]OPUXY*aiZ9OK~JL\]V9K
ejJR\]HWMxOS9UXc*ScKQOZ Y*V@Z hPc]efS}Y*UXOPZ£JmV£MQH@OPJmUO¥¤,SOPhPMXOPZSOY*MNH9UNc]k@\]HsS9k9MXKPÌsk9MY^bdOPß\*k9JLZ9O"aRJmV@OKihYrV
Ok@KQOZMXc^S9UXc,Zsk@hPOOPUQ_\c,c4Zh"JRUXh"k9JRMNKxJRMQH@c]k9MnO"¤,S1OPUQJRejOPVWM¢Y*MQJLc]V©
ÂÃÂÃÄ A(ÈBCÊŁÆ¬ÎùÆC§Î*ú;÷+Ê:DYÍ¬ÉEGFIHSÉ}ùGJvÆ¬ÇLK
»TJRUNKQMsKQS1Oh"JRbq_jMNH@O[MNc]S1c]aLc\*_jc*bThPc]efe|k9V9JRhY*MQJLc]VY*V@ZMNH@O[KQM¢YrMNJLh[KQaqY*hX4Kic]bTY*amahPOPamaLKxY*V9ZhXH}Y*V9V@O"aLKPGIH9O
KQMXY*MNJRhKQaqY*hXe|k@K~M^OO"V@c]k@\]HMNcY]c]JLZZ9OY]ZsaLc,hXÌ(9k9MV@cegc*UXO][KQKQk9ejOMNH}Y*MfYraRaIsk9¸O"UNJmV@\hOPamaLK
xJRamaCH@Y	]OfYghXH}Y*UXY]hPMNOPUNJRKQMQJLh|Zs_WV}YrejJRhlKQaLY]hX(ë£YrV@ZSOY*MNH9UNc]k@\]H9Ssk9M=ñGIH@O^Zs_WV}Y*efJLhKQaLY]hX£JRK[ejc]UXO
ZsJRUNOh"MNaR_UNOPaROP*Y*VWMMQH}Y*VMNH@OfKQMXY*MNJRhjK~aqY]hXMXcbY]K~M|c]S1OPUXY*MNJRc]VAGIH9O\cpY*a#c*bxKQaLY]hXeYrMXhXH9JmV@\JRKMNcY]ZsZ
Y]Z9ZsJmMNJRc]V}Y*aZs_WV}Y*efJLhKQaLY]hXKQcMQH}Y*MiMNH9OxH9c]aLOK~_4K~MXO"effixJmaRa1eY*JmVWM¢Y*JmVMNH@O=ñÁc]bTMQH@OJRV@Z4JRWJLZsk@Y*aS9JROhPOK
¼7M^JLKlejcK~Mhc]VWO"V9JLO"VWMfMNcM¢Y*UN\OPMfYZs_WV}YrejJRhKQaqY*hXS1OPUhO"aRaxHsJLhXHJLK|MQH@OJRVWO"UXKQO£c]bY*VJmV,MNO\O"U
GIH@O^hXH@c]JRhO|K~H@c]k9aRZ UXO"¹@Oh"MMNH@OS9UXc]S1OPUQMNJROKc]b(MQH@Ol9ks¸O"UJRefS9aLO"egO"VWM¢Y*MQJLc]VA[w,JmV@hOMNH@O^Zs_WV}YrejJRhlKQaLY]hX
JLKx¦§k@KQMlMNH@Ofbdc]UNIY*UXZaqY*MNOPV@h"_Z4JRWJLZ9OPZW_MNH@Oh"_,hPaLOfMNJmegO*Y*VOPKQMQJRegY*MXOfc]bMQH@OKQO
¡
\]k9UNOK|hY*V¾_WJLO"aLZY
UXOY]KNc]V@Y*9aLOjZs_WV}Y*efJLhfKQaLY]hXÌ»@c]UMQH@OgOY*hc*V@ZsJRMQJLc]VH}Y*ambq9k9¸1OPUXKxJRMQHŁVeMQU¢Y*V9KQJRMQJLc]V9KS1OPU^h"_,hPaLO*$ë
KQH@c*k9aLZS9UNc]}Y*saR_O
 
8
AY*V@Zbdc]UMNH@OS9UXOPhXH}Y*UX\]O|aLc\]JRhxJmMNHŁx"gMNUXY*V@KQJmMNJRc]V@KS1OPUhP_,hPaRO]YëKQH9c]k9aLZ1O
 
M

%³%
00.2
0.4
0.6
0.8
1
1.2
0 5 10 15 20
t
/TN
tokens
f(x)
»TJR\]k9UXOlŁk4Ö#GIH9UNc]k@\]H9Ssk9M]#O"UXK~k@K[G<c]]OPV@Kibdc]UnûJmV}Y*UN_G<UNOOûk9¸1OPU
¼7MJLK|S1cKNK~JR9aROMXcS9JLhX¾c]MNH@O"U]YraRk@OPKamJR]Oc 
O
c]U 
P
#9k9MMNH9OS1OYr¾MNH9UNc]k@\]HsS9k9MxJRamaxZ9OPS1OPV9Zc]VH@c	
hPaRcKNO"aR_egY*MXhXH@OPZ MNH9O/ëJLKiMXcfMNH@O9k9¸1OPUnJRefS9aLO"egO"VWM¢Y*MQJLc]VA½[V@O|Y*SsS9UXcpY*hXHIc*k9aLZOMXcgc*S9MNJmejJR¨OMNH@O
MNH9UNc]k@\]HsS9k9Mc]b{YgSsJRS1OPaRJmV@OJRV@Z9O"SO"V@Z9O"V,Mc*b(MNH@OlaLY*MXO"V@hPJROKP1ejOY]K~k9UXOlJmMXKZs_WV}Y*efJLh|K~aqY]hXÌAY*V9Z S9JLhX£MNH@O
V@OYrUXOK~M(JRVWO"UXKQOiJmVWMXO\]OPU(Zs_WV}YrejJRhIKQaLY]hXÌ(GIH@OUNOY]KQc]V^bdc]U
¡
¤,JmV@\MNH@OIZs_WV}Y*efJLhK~aqY]hXlY]KOPama}Y]KMQH@OIS1OY*
MNH9UNc]k@\]HsS9k9Mnc]b(YraRaAhPOPaRaRKJLKxMNH@Y*MxJRMx1OhPc]egOPKnelk@hXH OY]KQJROPUiMXcjY*V}YraR_,¨OMNH9OZ4_,V@Y*ejJRhKic]bYhPc]efScK~JRMQJLc]V
c]bCS9JRS1OPamJRV@OPK
¼`Z9OPVWMQJRbq_Y*VW_UNJmV@\KxJRVMNH@OMXc]S1c]aRc\]_}YrV@Z£S9UNOZsJRhPMnMNH@OVWk9e|1OPU[c]bMNc]O"V@K[MNH9OP_xJRama<hc]VWMXY*JRVA»@UNc]e
S9JRS1OPamJRV@OZ4_,V@Y*ejJRhKP9IO,V9c2ãY^UNJmV@\^xJRama<c]SO"U¢Y*MNOY*MiSOY*MNH9UNc]k@\]HsS9k9MnxH@OPVMQH@OV,kse|O"Unc]bMNc]O"V@K
JLK{xJRMNHsJRVMQH@O[U¢YrV@\O[c*b<Zs_WV}Y*efJLh[K~aqY]hXÌ#¼7bCYUQJRV@\lH@Y]KIaLOPKNKZ4_,V@Y*ejJRh[K~aqY]hXfMNH}YrVMNH@OV,kse|O"Uxc]bAMNc]O"V@K
JRVJRM9O"¤,MQU¢Yfsk9¸O"UXKnKQH@c*k9aLZ1OlY]ZsZ9OZk9VWMNJmaAMNH@OZs_WV}Y*efJLhK~aqY]hXOPopk}Y*aLKxMQH@OVWk9elO"Uc*bMXc*OPV9KI¼7bTMNH@O
Zs_WV}Y*efJLhKQaLY]hX c*bMNH@OUNJRV9\jJLK[Y*aRUNOY]Z4_\]UXOY*MXO"U[MNH@Y*VMNH9OlVWk9e|1OPUc*b(MXc]]OPV@KJmV JRMÌMQH@Olh"JRUNhPk9JmM[K~H@c]k9aRZ
O|UNOZ9OPKQJR\]V@OZ|GIH@OFëY]KhXH@c]KNOPV MXc1O|MNH9O|JRVWO"UXKNOc]bY*VJmV,MNO\O"UKNcMQH}Y*MY*VJmV,MNO\]UXY*aVWk9elO"Uc]b
9k9¸1OPUQJRV@\hO"aRaLKJmV¾YaLc,c]SxJRaRaOfc]S9MQJRegY*a7f»@c]UJRV@K~M¢Y*V9hO]CJRbpë
d
 
8
CMNH@O"UXOfKQH@c]ksaLZ1O
g
9ks¸O"UXKS1OPU
MXc]]OPV£JRVY^aLc,c]SA
¼7biY£UQJRV@\JLKO"¤,S1OhPMNOZMXc£hc]VWMXY*JRV¾Y£*Y*UNJLY*9aLO|VWk9elO"U^c]bMNc]O"V@K#YZ9OO"S9JRV}YrUN_MNUNOOfJRVMQH@OjUQJRV@\
hY*VO"¤,S}Y*V@Z£MNH@OU¢Y*V@\]Oc]bZs_WV}Y*efJLhKQaqY*hX£K~k@hXHMNH@Y*MMQH@OUQJRV@\OPOPS@Kc*SO"U¢Y*MQJRV@\jY*MnSOY*MNH9UNc]k@\]H9Ssk9M
!c]MNOMQH}Y*MMQH@OS9JmSO"aRJmV@OZ4_,V@Y*ejJRhKIY*V}Y*am_4K~JLKIY]KNK~k9egOPKKQMNOY]Z4_KQMXY*MXO[c]SO"U¢Y*MQJLc]V©,KQc|JRM{Ic*V32 MIIc]UQjJmbAMNH@O
VWk9e|1OPUc]b{MXc]]OPV@KJRVMNH@O^UQJRV@\hXH}Y*V9\OKMNH9UNc]k@\]H9c]k9MMNH9OfhPc]efS9k9M¢YrMNJLc*VAÔc	OPO"UCJRb{MNH@O^VWk9e|1OPUJLK
c]V9am_hXH}Y*V9\OZU¢Y*UNOPaR_]@Y]KxH@O"V aRcpY]ZsJmV@\|VWk9e|1OPUXKxJmVMNcfY^UQJRV@\^9ks¸O"Unbdc*Uxk@KNOc	O"UegY*VW_hP_,h"aLOKP9MNH@O"V
MNH@OiK~_4K~MXO"e/xJRaRasS9UXc]@Y*9aR_H}YOiMNJmegOIMNcUXOY*hXHgK~MXOY*Zs_KQMXY*MXO*4YrV@Z^MNH@OxS9JmSO"aRJRV9OZs_WV}Y*efJLhPK#Y*V}Y*am_4K~JLKxJmaRa
S9UXOPZsJLh"MiMNH@OS1OPUNbdc*UNegY*V@hObdc*UxMNH@OejcKQMihPc]ejejc]VY*V9ZMQJRejOhc]V9KQk9efJRV@\^1OPH}YWJLc*U
%
"
VW_ S@Y*MNH@KxH9JLhXH9UXY*V@hXHY*V@ZaLY*MXO"U¦~c]JmVxJRamaTH}Y]OUNOZsk9hOZMQH9UXc]k9\]H9S9k9MksV9aLOPKNKMNH9OP_ H@Y	]O^Oopk}Y*a
Zs_WV}Y*efJLh{KQaLY]hX,K(wWJRV@hPOOIH}YOIY]KNK~k9egOPZ^Y*ama4hPOPamaLK<H}YOMQH@OIKNY*ejO7ë}rOhY*V^KQJmejSsaR_hPc]k9VWMMQH@OVWk9e|1OPU
c]b9ks¸O"UNJRV9\ hO"aRaRK|Y*aRc]V@\OY]hXH¾S@Y*MNHA¼7bxS}Y*MQH@K|YrUXOjksV@Oopk}Y*avO"¤,MQU¢Y£9ks¸O"UXKlK~H@c]k9aRZ1OY]Z9ZsOZMNc MNH@O
KQH@c*UNMXO"UlKQO\]ejOPVWM¼7VYbdOOZbdc]UNIY*UXZ S9JRS1OPamJRV@O|xJmMNHY*UNsJRMNUXY*UN_ 9U¢Y*V9hXH9JRV@\£Y*V@Z¦~c]JRVsJRV@\9©JmMJLKY*aRIY_,K
Sc]KNKQJm9aLOMNcfY]Z9Z9k9¸1OPUXKxk9VWMQJRaCY*amaS}Y*MQH@KxH}YOOopk}Y*aCZs_WV}YrejJRhKQaqY*hX1
[Z9Z4JRV@\O¥¤4MQU¢Y9k9¸1OPUNK(MXcKQaLY]hXlegY*MNhXHfegYr¤,JRefJL¨POK<MNH@OMQH9UXc*k@\]H9S9ksMp9k9M(egY*OPKMNH@Obdc*UNIY*UXZ^aqYrMXOPV9hP_
MNH@OIc]UNKQM(hY]KNOY*aRIY_4KP¼7VY*VO¥¤,MNUXO"egOO"¤sY*efS9aLO*pY*VFÙá9JRMCUNJmS9S9aLOY]Z9ZsOPU(c]S1OPUXY*MNJmV@\[c*V^KQJme|k9aRMXY*V@OPc]k@KQam_
Y*UNUQJRWJRV9\KÙ sJRMlVWk9elO"UXKlxJmaRa#H}YOYaqY*MNOPV@h"_c]bŁgMXchÙ Z9OPS1OPV@Z4JRV@\c*VMNH@OfaLOPV9\]MNHc*bxMNH@OfaLc]V@\]OKQM
hY*UQUN_hXH@Y*JRVAGIH@OYOPUXY]\OhY*KNOJLKRQgt SCTGU

Ù z"GIH@OMNH9UNc]k@\]H9Ssk9Mc]k9aRZ]YrUN_Y*aRc]V@\|xJRMQH£MQH@OaqY*MNOPV@h"_
w,aqY*hX£egY*MXhXHsJRV@\gMQH@O|UNJmS9S9aROlY]ZsZ9OPUY]ZsZ9KYjMNUQJqY*V9\]aLOc]b(9k9¸1OPUNKMXcZ9O"aqY_£MQH@O|k9S9S1OPU[9JRMNKKNcMQH}Y*MMQH@OP_
Y*UNUQJR]OlY*bqMNOPUnMNH@OKXY*ejOZs_WV}Y*efJLhKQaqY*hXY]KMQH@OUQJRS9S9amJRV@\hY*UNUQ_iÜK~JRefJRaLY*UMNUQJqY*V9\]aLOc]b9k9¸1OPUXKnJLKY]Z9Z9OPZ
MXcgUNOY*amJL\]V£MNH@Olc]k9MNSsk9MGIH9OlMNH9UNc]k@\]HsS9k9MV@c	ßUXO"eYrJRV@Knhc]V9KQM¢YrV,MYrM[MNH9OlbY]KQMNOK~MhP_,hPaROlMNJmegOc]b{YjbqksaRa
Y]Z9Z9O"U29k9MCMNH@O(aLY*MXO"V@hP_JRK<Y*aRIY_,K9Ù (w4O"OPUXY*aWO"MNMNOPUCKNc]amk9MNJRc]V@KAhY*V1O{c]9M¢YrJRV@OPZMQH9UXc*k@\]HlY*UXhXH9JmMXOPhPMNksU¢Y*a
egc,ZsJ
¡
hY*MQJLc]V9K bY]KQMUNJmS9S9aRJmV@\£Y]Z9Z9O"U|aRJmOY£hY*UQUN_pKNO"aLOPhPM^c]UlhY*UQUN_p`K~WJRS¿Y]Z9ZsOPU|hY*VefJRV9JmejJR¨O^MNH@O
bdc]UNIY*UNZaqY*MNOPV@h"_xH9JRaRO]OO"S9JRV@\hPc]V@K~M¢Y*VWMHsJL\]HMNH9UNc]k@\]H9Ssk9M amMXOPUQV}Y*MNOPaR_]xY*amanVWk9elO"UXKhPc]k9aLZ¿O
µ~9JmMQ`K~O"IOPZ9·jJmbCMQH}Y*MiZ9OPhPJRKQJLc*V£JRKQV32 MxJRV@hPc]VWO"V9JLO"V,MnO"aLKNO"xH@OPUNO]
VW_WxH@OPUNOgZs_WV}YrejJRh|KQaLY]hXJLKY]ZsZ9OZbdc]UMNH9OSsk9UNS1cKNOPKc*bIK~aqY]hXegY*MNhXH9JRV@\s©JRMJRKScKQKQJm9aLO|MNck@KQOfY
9JRV@Y*UN_^MQUXOOn9k9¸1OPU#»}c*U{MQH@OSsk9UNS1cKNOPKc]bZs_WV}Y*efJLhnKQaqY*hXfegY*MNhXH9JRV@\sWsJRV}Y*UQ_^MNUNOOKhY*VgOnKQJR\]V9J
¡
hY*VWMNam_
KQegY*aRaROPUKNcMQUXOOPK^c]bi*Y*UNJRc]k@KlZsOPS9MQH@KKQH@c]ksaLZ¾1Ohc]V9KQJLZsOPUXOPZMXcKNOPOxH9JLhXHJRK|KQegY*aRaROK~MÞ[k@OMNcMNH@O
c	OPUQH@OY*Zc]bnJRVWMXO"UNaLOY,JmV@\9#aLOPKNKfZ9OO"SMNUNOOPKfxJmaRa1OO"MNMXO"Ujbdc*UKQegY*aRaROPUZs_WV}Y*efJLhK~aqY]hXÌ{9k9MjZ9OO"SO"U
MNUNOOKxJRaRa#1Og1OPMNMNOPUbdc]UlaRc]V@\O"UlZs_WV}YrejJRhgKQaLY]hXÌ¼7V¾ejcKQMlhY]KQOK^YaRJRV9OY*U9k9¸1OPU^c*U|Z9O"S9MNH>ŁgMQUXOPOjJLK
S9UXc*}Y*9am_Y*S9SsUXc]S9UQJqY*MNO](nVY]ZsZsJRMQJLc]V}Yra11OPV@O
¡
Mc]bTMQH@OMNUNOOKxJRKiUNOZsk9hOZSc	OPUnZsJRKNKQJmS}Y*MQJLc]VA
»@c]UTejc,Z9OPUXY*MXOIY*egc*k9VWMXKc]b}Z4_,V@Y*ejJRhIK~aqY]hXÌbqk9amaR9k9¸1OPUNKYrUXOc]bqMNOPVK~k9SO"UNJRc]UMNc[H}Y*ambq9k9¸1OPUXKP¼7b1Y9ks¸O"U
JLKZsOKQJR\]V@OPZMNc^UNk9V£Y*MHsJL\]H@O"UMNH@Y*VMNH@OMXY*UX\O"MMNHsUXc]k@\*H9S9k9MsJRMxhY*VeYrJRVWM¢Y*JmVgMQH@OKQ_,KQMNOPe«MQH9UXc]k9\]H9S9k9M
xJRMQH Y|UXY*V@\Oc]bTZs_WV}Y*efJLhK~aqY]hXÌ]¦§k@K~MxaRJmOY|9JRV@Y*UN_jMNUXOPO9k9¸1OPUw,JmV@hOMQH@OUNJR\]HWMaLOP\fc*bCMQH@Obqk9aRam9k9¸1OPU
MNUQJqY*V@\*aLOO"¤,MXO"V@Z9K|M`xJRhOY*KbY*U|Y]KMQH@OjH}YraRbq9k9¸1OPUTJmMXKegYr¤,JRelk9e Zs_WV}Y*efJLhfKQaLY]hXO"¤,MXO"V@Z9K|bY*UQMNH@O"U|Y*M
aLc	OPUxK~_4K~MXO"eMNH9UNc]k@\]HsS9k9MXKPw,k9S9S1cKNOOH}YOYlH@Y*aRbq9ks¸O"UiY*V@ZYbqksaRaRsk9¸O"UIxJmMNHDë
d
 
8
xHsJLhXHS1OY*
Y*M
þ
ñÕ*Y*amk}Y*MNJmV@\MNH9OiUXY*V@\OiYrM5ñKQH@c	iK#MNH}YrM(MNH@OxH}Y*ambq9k9¸1OPU(H}Y*Kë§ì
Ø.ð
d
esÝ
%§g
9k9M(MQH@Oxbqk9aRam9k9¸1OPU(H}Y]K
ë§ì
Ø.ð
d
e4Ýfiis|GIH@OPUNOPbdc]UNO]AIOhPc]k9aLZk9KNOfY*aRejcK~M[H}Y*amb#MNH@O^VWk9e|1OPUc]b#MQH@OKQOfbqk9amaR9ks¸O"UXK[MNcY]hXH9JLO"OMNH@O
KXY*ejOZs_WV}Y*efJLhK~aqY]hXÌ#¼7bCMNH9JRKxhc]efSO"V@KXYrMXOKibdc]UMQH@OJRV@h"UXOY]KNOPZ£K~JL¨Oc]bCMNH9ObqksaRaRsk9¸O"UJRefS9aROPejOPVWM¢Y*MQJLc]V©
MNH@O{bqk9aRam9k9¸1OPUNKTxJRamapOIY[KQegY*amaLOPU<IY_MNcKQaLY]hXeY*MNhXHA»9k9amaR9ks¸O"UXK<IO"UXOIk@KQOZ|bdc]UCejcKQMKQaqY*hXegY*MNhXH9JRV@\
JRVMNH9O/jJRV9Jj£¼§y{w1
ÂÃÂÃõÂ V#ÌCÌCÊŁ÷+ÌCÊŁÆ¬É}ùfÈ<ÇÈnÎfÎF÷°úWDYÍ¬ÉEGFIHSÉ}ùGJvÆ¬ÇLK
w,aqY*hXeY*MNhXH9JRV9\gY*JmegKMNcjegYr¤,JRefJL¨PO[MNH@OMNH9UNc]k@\]HsS9k9Mc]b(Yfhc]amaLOh"MNJRc]Vc]bamJRV@OY*UiS9JRS1OPamJRV@OPKI¼7bMNH@OaLc\*JLh
JLK{V@c]MIsk9¸O"UNJmV@\9,c]UIJmbAOY*UQaR_fhc*ejS9aROPMQJLc]Vjk9V9JRMNKY*UNO[Z9OPKQJmUXOZ4JRMJLK#V@c]MxZ4JRUXOPhPMQaR_fY*S9SsaRJLhY*9aRO]naLKQc9,JmbAMNH@O
KQ_,KQMNOPe Z9c4OPKV@c*MIegY*JRVWM¢YrJRVfKQMNOY]Zs_jKQMXY*MXOc]S1OPU¢YrMNJLc*VApMNH@O[SsJRS1OPaRJmV@OiZs_WV}Y*efJLhPKIY*V@Y*aR_,KQJRKZsc4OPKIV@c]MIY*S9S9am_
GIH@OPUNOPbdc]UNO]KQaqY*hXegY*MXhXHsJRV@\JRKg1OKQMKQk9JmMXOZbdc*UH9JL\*H9aR_S9JmSO"aRJRV9OZK~_,KQMXc*aRJLh KQ_,KQMNOPejKxJRMNH YUNO\]ksaqY*U
S}Y*MQMXOPUQVc]bihPc]ejSsk9M¢Y*MQJLc]V©GIH9JLKJLKUNOY]KQc]V}Y*saLOjbdc*UegY*VW_ KQS1OhPJLY*a{S9k9UNS1cKQOjH}Y*UNZsIY*UXOhXHsJRS@KPKQk@hXHY]K
ZsJL\*JRM¢Yra
¡
amMXO"UXK@hPc]efS9UXOPKNKQJRc]VA@O"V@hPUQ_,SsMNJLc*VA}Y*V@Zc]MQH@OPUiM`_WSOPKc*bK~JL\]V}Yra©S9UXc,hOPKNK~JRV@\9
Ôc	OPO"UOPO"VÁJmV>Yejc]UXO£hc]efS9aLO¥¤KQ_,KQMNOPe K~k@hXHÀY*KYuy#ÓK~aqY]hX¿eYrMXhXH9JmV@\¾hYrVO k9KNOZMNc
JRefS9UXc	]OMQH@O£ZsOKQJR\]VA¼7V@Z4JRWJLZsk@Y*aiS9JLOPhOKegY	_V9c]MYraRIY	_,KfOk@KNOPZY*Mfbqk9aRaxMQH9UXc*k@\]H9S9ksMI9ksMKQaLY]hX
eYrMXhXH9JmV@\lhY*V1Ok@KQOZgMNclJRefS9UXc	]OnMQH@OPJmUIejc]egO"VWM¢Y*UQ_^SOY*MNH9UNc]k@\]H9Ssk9MXKP54nOY]KNc]V@Y*9aR_JRKNc]aLY*MXOPZfk9VsJRMXK
%§g
eY_jY]h"MNk}Y*amaR_c]S1OPUXY*MXO[Y*M{bqk9aRaÌMNH9UNc]k@\]HsS9k9MIbdc*UIegY*VW_jh"_,hPaLOPK#GIH@OOPKQMxO¥¤9YrejS9aROKc]bAMNH9JRKY*UNOJmMXOPUXY*MNJmO
hc]efS9k9MXY*MNJRc]V@KZ9c*V@OfW_UQJRV@\KP<KQk@hXH¾Y]Ke|k9aRMQJRS9amJLhY*MNJRc]Vc]UZsJmWJLKQJRc]VAfw,aLY]hXegY*MXhXHsJRV@\JLKY*VOKQKNO"V,MQJqY*a
OPaROPejOPVWMMXc^c*S9MNJmejJR¨PJRV9\MQH@OSO"UNbdc]UQeYrV@hOc*b<KQk@hXHk9V9JmMXK(naLKQc94k9VsJRMXKIhY*V1O[S}Y*UQMNJqYraRaR_K~aqY]hXjeYrMXhXH@OPZ
KNcMNH}Y*MMNH9OPJRUS1OY*MQH9UXc]k9\]H9S9k9MegY	_V9c]M1OjY]KHsJL\]HY]KMNH}Y*Mc]baRJRV9OY*US9JmSO"aRJRV9OKA9ksMJRKlY]ZsOopk}Y*MNO
bdc]UnMNH@O"JRUnk@KNO*»TJRV@Y*aRam_sMQH@OlK~JRefS9aRJ
¡
OZMNJmejJmV@\^egc,Z9OPaCZ9OPKNh"UNJR1OZW_S9JRS1OPamJRV@OZs_WV}YrejJRhKieY_Ok@KNOPZ
MXc S1OPUQbdc]UNe MQJRefJRV@\KQJme|k9aqYrMNJLc*V@Kc]bihc]efS9aRO"¤KQ_,KQMNOPejK|OfUXOPZsk@hPJmV@\MNH9Oghc*ejS9aRO"¤,JRM`_ c]bxUNOPS9UNOKQOPVWMNJmV@\
*Y*UNJRc]k@KxKQks9k9V9JmMXK
Ãi­ XÇ+LI³´9¯Q´<1ÇY<¯[ZC¯Q³Ë
ä
JmO"VYMXc*Sc]aRc\]_c]bhc]efe|k9V9JRhY*MQJRV@\£S9UXc,hOPKNKNOPKIJmM|JLK^S1cKNK~JR9aROgMXcJLZsOPVWMNJmbq_MQH@OµQhPUQJRMNJRhY*aS}Y*MQH@·9Y
hP_,hPamJLhKQOopk@O"V@hO c]bMNUXY*V@K~JRMNJRc]V@KPixHsJLhXHaRJmejJmMXK^MNH9OhP_,hPaRO MNJmegO£c]bMNH@OK~_,KQMXO"e Y]KZ9OPKNh"UNJR1OZJmVÂïirv
Ôc	OPO"UMQH@OlKQOY*UNhXHbdc]UnMNH9JRKh"UNJRMQJLhY*aAS}Y*MQHhYrVOMNJmegOhPc]V@KQksejJmV@\91Y*V@Z O"O"VxH@OPVJmMnJRKnbdc*k9V@Z©}JRM
eY_jV@c]MiOc*,WJRc]k@KxH@c	 MNcJmejSsUXc	OMQH@OSO"UNbdc]UQeY*V9hOc]bCMNH@OK~_4K~MXO"e {GAU¢Y*V@K~JLK~MXc]UnKQJR¨PJmV@\^hY*V£KQS1OOPZ
k9S¾MQU¢Y*V@K~JRMQJLc]V@Kc]V¾MQH@Ogh"UNJmMNJLhY*a(S}Y*MQHA(Y*MMNH9OhcK~M|c]bKQaLc	xJmV@\ Z9c	xVMQU¢Y*V@K~JRMQJLc]V@KV@c]Mc]V¾MQH@Ogh"UNJmMNJLhY*a
S}Y*MQHA£¼7bIMNH9JRKJRKZ9c*V@OY]\]\]UXOPKNKQJmO"aR_TegcK~MS@Y*MNH@KxJRama(OfMNJLOPZ¾Y]KMNH@OjhPUQJRMNJRhY*a(S@Y*MNHAY*V@ZV9c bqk9UNMQH@OPU
JRefS9UXc	]OPejOPVWMXKihYrV£1OeY*Z9O,_gMNU¢YrV@KQJRKQMXc*UiKQJL¨"JRV@\s
¼7V MQH@OHsJL\]H@O"UaROP]OPaTc]S9MNJmejJR¨Y*MQJLc]Vc]b(KQaLY]hXegY*MXhXH9JmV@\9}hO"UNMXY*JRV Y]KNK~k9efS9MNJRc]V@KiIO"UXOegY]Z9OY*1c]k9MnMNH@O
hc]efS1c]V@OPVWMNK{c*b1MQH@OxhPJmUXhPksJRMV@Y*egO"aR_MNH}YrM(MNH@O"_|H}Y]ZMNH@OxKNY*ejOSOY*|MNHsUXc]k@\*H9S9k9MñYrV@ZZs_WV}Y*efJLhxKQaLY]hX
ë}ÓnV9Z9OPUTMNH@OPKNOiY]KQKQk9efS9MNJRc]V@KP*MNH9Oc	OPUXY*aRa,MNHsUXc]k@\*H9S9k9Mc]b@MNH@OKQ_,KQMNOPeÜY]Kc]S9MNJmejJR¨OPZ©<¼7V^MNH9JRKhc*V,MNO"¤,M
MNH@OS9ksUNS1cKNOc]bCMNUXY*V@KQJRKQMNc]UxKQJR¨PJmV@\|JLKMNcfKNY*MNJRKQbq_jMNH@OY]KQKQk9efS9MNJRc]V@KegY]Z9OZsksUNJRV9\fK~aqY]hXjeYrMXhXH9JmV@\9#GIH}Y*M
JLKP1MNH9Olbdc]UNIY*UNZY*V@Z}Y*hX,IY*UNZaLY*MXO"V@hPJROKP©Y*V@ZYrV,_JRVWMNOPUNV@Y*ah"_,hPaLOPKKQH@c*k9aLZ ejOO"MMNH9O|Z9OK~JRUNOZMNJmejJmV@\
hc]V9KQMNUXY*JRVWMNKi½[V@hPOMNH9OKNOMNJmejJmV@\^hc]V9KQMNUXY*JRVWMNK[Y*UNOegO"MÌY*V@c]MQH@OPUnejOPMNUQJLhhPc]k9aLZ1Oc]SsMNJRefJL¨POZ©@K~k@hXHY]K
MNH@OO"V@OPUN\]_SO"UihP_,hPaROc]UnOKQMQJRegY*MXOPZY*UXOYs
GIH@OKQOaqY*MNOPV@h"JLOKhY*V1Ohc*ejS9ksMXOZW_Y*Z9ZsJRV9\ k9SMNH@OjMNU¢YrV@KQJmMNJLc*VZ9OPaLY_4KYraLc]V@\MNH@OS@Y*MNH@KPGIH9O
MNUXY*V@KQJmMNJRc]VZ9O"aqY_,KCZsOPS1OPV@Zc]VMNH@O(xJRZsMNHc]bWMNH9O#MQU¢Y*V9KQJLK~MXc]UNKAZsUNJmWJRV@\MQH@OPe£rY*V@ZMNH@O(hY*S}Y]h"JRMQJROaRcpY]ZMQH@OP_
ZsUNJmO*@Y*aLKQcZ9OPMNOPUNefJRV9OZW_c]MQH@OPUxMQU¢Y*V@K~JLK~MXc]UxxJRZsMNH@KP#Õ¤4SsUXOKQKQJRc]V@Kibdc]UxMNH@Oc]UNKQMibdc]UNIY*UNZ©s}Y]hXWIY*UXZ
Y*V@Z JRVWMXO"UNV}Y*a#ZsOPaqY_,KY*UXOfhc]efS9k9MNOZ bqUXc]e MQH@OfhPJRUNhPk9JmMCY*V@Z MNH@OMNUXY*V@K~JLKQMNc]UxJLZsMQH@KY*UXOjY]Z*¦§k@K~MXOPZtW_
\]U¢Y*ZsJLO"V,MZ9OKQhOPVWM¢zk9VWMQJRaMQH@O^hc]V9KQMNUXY*JRVWMNKY*UXO|ejOPM¼7b{MNH@O^hPc]V@K~MNU¢YrJRVWMXKhY*V32 MO|ejOPM©aLOKQKY*e|9JmMNJRc]V@K
MNJmejJmV@\hc]V9KQMNUXY*JRVWMNKK~H@c]k9aRZ 1OMNUNJROZ©jGIH@OM¢Y*UN\OPMaLY*MXO"V@hPJROKKQH@c*k9aLZOhPc]V@KQJRKQMNOPVWMMQH@OMNH@OfZs_WV}Y*efJLh
KQaLY]hXY]KQKQk9ejOZbdc]UxMNH9OhPOPamaLKsc]UiJRMc]k9aRZJmV,*Y*amJLZ@YrMXOMQH@OKQaLY]hXegY*MXhXH9JmV@\9
GIH@OlZsOPaqY_c]b(YjKQJmV@\]aROV@c,Z9OMNUXY*V@KQJmMNJRc]V hY*V 1O|YrS9S9UXc¤,JRegY*MNOZ£JmV£egY*VW_Y_,KGIH@OegcK~MS1c]S9ksaqY*U
egO"MNH@c,ZKQOOPejKMXc1OlMQH@OlM¢Yrkegc,Z9OPavÌxHsJLhXHk@KQOKMNH@OlOP¸1OhPMQJR]O|UXOK~JLK~M¢Y*V@hPO^c]b(MNH9O|MNU¢YrV@KQJRKQMXc*UXKJmVMNH@O
hXH}Y*V9V9OPaY*V@ZMNH@OhY*S}Y]h"JRM¢YrV@hOc]V¿MNH@Oc]ksMNS9k9MV@c,Z9OMXc OK~MNJmeY*MNOY*V4xuáZ9O"aqY_¾bdc]U^MQH@OMNUXY*V@KQJmMNJRc]VA
V>YraRMXO"UNV}YrMNJR]OJRKfMNchPc]V@KQMQUNk@h"MY MXY*9aROxH9JRhXHhXH}Y*UXY]hPMNOPUQJL¨OPKgMNH9O£S1OY*¿hPksUNUXO"VWMXKgMQH9UXc]k9\]H*Y*UNJRc]k@K
V@OPM`c]UQ4Kc]b#MNUXY*V@K~JLKQMNc]UXKP<Y*V@ZMXcY]KQKQk9ejO|MNH9O^Z9OPaLY	_£JLK[SsUXc]S1c]UNMQJLc]V@Y*aMNcMNH@O^hY*S}Y]h"JRMNJmO|aRcpY]ZZsJmWJLZ9OPZ
W_¿MQH@OSOY*hPk9UQUXO"V,M GIH9JLKaqY*MNOPUMXOPhXH9V9JRoWk9O£H}Y]KfMNH@O£Y]Zs*Y*VWMXY]\Oc]b[JmV@hPamk@ZsJRV9\ K~JL\]VsJ
¡
hY*VWMjS9UNc4hPOKQK
k9V9JRZ9OY*amJRMQJLOKPejcKQMAJmejS1c]UNMXY*VWMNam_n]OPaRc4h"JRM`_KNY*MNksU¢Y*MQJLc]VACyTY*U¢Y]K~JRMQJLhhY*S}Y]h"JRM¢YrV@hOPKtdV@c]V\pY*MNO(hY*S@Y]hPJmM¢Y*V@hPOKXz
Y*UXOI\OPV@O"U¢Y*amaR_K~eY*amaLO"UY*V9Z^Z9OPS1OPV@Z\]UNOY*MQaR_c]V|MQH@OIaLY	_]c]k9M#YrV@Z|S9HW_,KQJLhY*a9Z4JLKQMXY*V@hPOIO"M`IOPOPVjhO"aRaLKP*xH9JRhXH
eY_V@c]M1O|WV@c	xVJRV9JmMNJqYraRaR_][ÔnOPV@hPO^JRM[JRK[UXOY]KNc*V}Y*9aROlMXcJmV9JRMQJqY*amaR_K~JL¨PO|MNH@OlMQU¢Y*V9KQJLK~MXc]UNKY]KNK~k9efJRV@\gV9c
S}Y*UXY]KQJmMNJLhhYrS}Y]hPJmM¢Y*V9hOK|tc]U[\]k@OKQKQJmV@\bdc]U[egYr¦~c]UKNc*k9UXhPOKc]b#hY*S}Y]h"JRM¢YrV@hO*KQk9hXHY*KaLc*V@\gxJRUNOKXz"nbqMXOPU
Z9c]JmV@\egcK~Mc]b{MNH@O^aqY_]c]k9MAS}YrU¢Y]K~JRMNJRh|hYrS}Y]hPJmM¢Y*V9hOKhYrV1OO"¤,MNUXY]hPMNOZbqUNc]eïMQH@O^aqY_c*k9MY*V@Zk@KNOPZMNc
UXOPKQJL¨POMNH@OMNUXY*V@K~JLKQMNc]UXKPcj£cKQMamJRO"aR_c]V@OJRMNOPUXY*MNJRc]Vc]bnMNH9JRK|S9UXc,hOPZsk9UXOxJRamaI1OY]Z9Oopk}YrMXO]KQJmV@hOMNH@O
%
i
S}Y*UXY]KQJmMNJLhxJmUNJmV@\hY*S}Y*hPJRMXY*V@hPOK{Z9c]V32 MIhXH@Y*V@\Oie|k@hXHjxJRMNHjhXH}Y*V9\]JRV@\MNUXY*V@K~JLKQMNc]U#xJLZsMQH@KY*V@ZMNH@OnhXH}Y*V@\]O
JRVZsJm¸1k@K~JLc]VhY*S}Y]h"JRMXY*V@hOhY*V£1OOY]K~JRam_jS9UNOZsJRhPMNOZ©
GIH9JLK#YrS9S9UXcY]hXHMXcMNUXY*V@KQJRKQMNc]U(KQJR¨PJmV@\9]k@K~JRV@\K~aqY]hXeY*MNhXH9JRV9\Y]KNK~k9ejSsMNJLc*V@KMXcKNO"M(MNJmejJmV@\[hPc]V@KQMQU¢Y*JmVWMXK
JLKjoWksJRMXO OPâfhPJROPVWMßGIH@Oc*V9aR_¿Z9O"aqY_,KgMNH}YrMe|k@K~MO£OP*Y*amk}Y*MXOPZ>Y*UXO£aLc,hY*aiMXcOY]hXH>9k9¸1OPUhOPama7iY*V9Z
Z9OPS1OPV9Zc]VsaR_c]VMNH@OhY*S}Y]h"JRMNJmOgaRcpY]Z9Klc]bnc]MNH@O"UhO"aRaLKlc]VMNH@Oc*k9MNS9ksMXK¼`Z9OPVWMNJRhY*ahOPamaLKlJmVJLZ9O"VWMNJLhY*a
OPVWWJRUNc]V9ejOPVWMXK<xJRamaW\]JR]O#MQH@O{KXY*ejO#Z9OPaLY	_,KPY*V@ZMNH@O"UXO"bdc]UXO#V@OOPZ|c]V9am_1O{O"*Y*aRk}YrMXOZc]V@hPO]GIH9OIY*aR\c]UQJRMNHse
xJRamaIM¢YrOegO"egc*UN_¾c*V9aR_S9UXc]S1c]UQMNJLc*V}Y*aIMNcMNH@OVWk9e|1OPUfc]bnk9V9JRoWk9OhPOPamaLK|JRVksV9JLopk@OOPVWWJRUNc]V9ejOPVWMXKJRV
MNH@OghPJRUNhPk9JmM_©JR]OPxJRKNO](MQH@O\]U¢Y*ZsJLO"V,MlZ9OKQhO"V,MxJmaRa{JRVWc]amOK~JRefJRaLY*UaLc,hY*ahY*aRhPk9aLY*MNJRc]V@KP»@c]U^Y bY*JmUNam_
hc]efS9aRO"¤jY*S9SsaRJLhY*MNJRc]VAamJROnMNH@OZsJL\*JRM¢Yra
¡
aRMNOPUWMNH9OPUXO[Y*UXOc]V9am_gYrc]ksM7"§ek9V9JLopk@OhO"aRaLK#MXclKQJL¨PO]#Ônc2OP]OPU
MNH@O"UXOY*UXOk9V9Z9c]k99MXY*9am_H,ksV@ZsUXOPZ9K c*blMNH9c]k@KXYrV@Z9K c*blS1c]MXO"V,MQJqY*ahPUNJmMNJRhY*aS@Y*MNH@KP«GIH9JRK£YrS9S9UXcY]hXH MNc
c]S9MQJRefJL¨PJmV@\ MQU¢Y*V@K~JLK~MXc]UNKJmVYrVY]K~_WV@hXH9UXc*V@c]k@KfS9JRS1OPamJRV@OPZ¿h"JRUNhPk9JmMKQH}Y*UNOKe|k@hXHJRVhc]efegc*V¿xJmMNH¿MNH@O
k@KQk@Y*a#KQ_WV@hXH9UNc]V@c]k9KlY*SsS9UXcpY*hXHA|ûIc*MNHegO"MNH@c,Z9KUNOPaR_ c]V9am_ c]VaRc4hY*ahPc]V@K~MNU¢YrJRVWMXKP^ûIc]MQHhPc]V@K~MNU¢YrJRVMNH@O
bdc]UNIY*UNZ aLY*MXO"V@hP_]<sk9MMNH@OfY]K~_WV@hXH9UXc*V@c]k@KegO"MNH@c,Ze|k@KQMY*aRKNchPc]V@KQMQU¢Y*JmV@KMNH@O^}Y*hX,IY*UNZaqYrMXOPV9hP_Y*V9Z
JRVWMXO"UNV}YraAhP_,hPaROMQJRejO]
Ãi­.H ³&<²QÅ´s¯Rx³´
ÜhPc]efS9aLO¥¤Y]KQ_WV@hXHsUXc]V@c*k@KhPJmUXh"k9JRMiegY	_1OZ9OK~JL\]V@OPZ W_hc]efS1cKQJmV@\fMQH@OS9JRS1OPamJRV@OPZ£hPOPaRaRKiZ9OKQhPUNJmOPZ JRV
hXH}Y*S9MNOPU£Ł#OP*Y*amk}Y*MNJmV@\MNH9OSsJRS1OPaRJmV@OZs_WV}YrejJRhKY*V@ZY]Z9Z4JRV@\O¥¤4MQU¢Y9k9¸1OPUNKfMNcJmV@hPUNOY]KQOMNH@OKQ_,K~MXOPe
MNH9UNc]k@\]HsS9k9M|MNcMNH@OKNY*ejOY]K|MNH9OgaLc,hY*a{H}Y*V9Z9KQH}YrOMNH9UNc]k@\]HsS9k9MXKP G<UXY*V@KQJRKQMNc]U^KQJR¨PJmV@\ JLKk@KNOPZYrM|MNH@O
OPV@Z¿MXc c]S9MQJRefJL¨OjMNH@OKQaRc2OK~MjH@Y*V@Z9K~H}Y*O hP_,hPaROKjY*V@ZSO"UNH}Y*S9KfMQH@OaLY*MXO"V@hPJROKPnaRMNH9c]k@\]H¿MNH@OKQaLY]hX
eYrMXhXH9JmV@\jc*V9aR_YrS9S9aRJROKiS9UXOPhPJRKNOPam_MXcfhPJmUXhPksJRMXKixJRMQH UNO\]k9aLY*UnKQ_,KQMNc]aRJRhS}Y*MNMNOPUQV@K[c]bhc]efe|k9VsJLhYrMNJLc*VA9MNH@O
KXY*ejOhc]V@hPOPS9MNK[hY*V1OlY*SsS9aRJROZMXcSc]UQMNJRc]V@Kic]b#Y^egc*UXOJRUNUNO\]ksaqY*UiK~_4K~MXO"e ÌKQk@hXH Y*K[Y^ejJRhPUNc]S9UXc,hOPKNKQc]U
àJRMQHMNH@OV@O" MNOhXH9V9JRopk@OK^S9UNOKNO"VWMXOZ¿JRVMQH9JLK|MQH@OK~JLK{Y]K~_WV@hXH9UXc*V@c]k@Kfopk}Y]KQJ `Z9O"aqY_p7JmV@KNO"V@KQJmMNJR]OZ9OPKQJL\*V
H}Y]Kx1Ohc*egOejc]UXOhPc]efSO"MNJRMQJR]OxJRMNHMQH@OKQ_WV@hXH9UNc]V@c]k@K[Y*aRMNOPUQV}Y*MNJmOPK
\fl^] I

_a`cbedRf*gfLhi!jlklm$npoffq[rtsvuWwBmyx$m$nz{rtsvueu}|nm$~i!klm$nBzLjs.~cclcWm$n.klscxyiŁnlcnBlmklmGrtmj[~c|mklco:RcC
"¡ 
¢.£!¤>¥*svxf`vo§¦¡sfB¨oww>f©v©"ª«¬©"­"¨o®`°¯v±vª²f
_³©«be´Rf³¥}fErµ|ueuem$nBzvcodRf¶h:f¸·>m$ncoBdRf¶gf¸hi!jlklm$npoLqld¡nd¡1n~¹j[svnsv|º»mwEcx$m$nc¼(·½i!k1klm$~cW¾²k1j|~¿kl|j[ffÀ®m$xkl¿jf
Á
"Â"Ã"¢§ÄleÅ¿clÃvŁÄcÆ9¢
Á
[Ç"¢§Ä¿Æ.

¢

²

ÈŁÄ²ÈÃ"¢§^ÉÇ!¿C

1¤>ŁÊLÊLÊËrtsvuWwB|kl¿j¡¾s²~cm$¿kCÌ*jccoE`°¯v¯"¨f
_ ­!bedRf¶gfhi!jlklm$npo»df¶hÍf*·Îm$ncco*¿k,i"xoqlÏ¹Ìclm$zvnÐsvÑ¡i"nÐdÒ1n~[¹jsvnsv|eh9ŁÓ¾'ÔÒ­vÕvÕvÕ:h9m$~¿j[s"wjs²~cclls"jf
Ö


Ä[[l"È¢.£"
Ł×
ÈÆ}ØÙÈÆ

¢
×
c1c¢§Ä[

¢
Á
"Â!Ã"¢ÚÄ[leÅºcÃ"1Ä¿ÆÈ¢ËÛ¸Ü®É.Ýl¤E¬Ê»ÊLÊÞrµsvuWwB|kl¿jÒ¾s²~cm$¿k ßLjclco
`°¯v¯Gà.f
_ ¨"beÔfffÚhi"nsv¹Bi!j°o»qlÏ¹BRŁuWw§i"~¿k¡svÑdÒ1n~[¹jsvn.9svn{rµsvuWwB|kl¿j¡dºj~[¹mklc~¿kl|j[c
Ö
Æ"}áÒâ>Æ¿[1¤*rµi"x$klc~¹{ÏÎc~[¹
nm$~i"xEÔº¿wEs"jlkcoE`°¯v¯v±²f
_³ã«beÏf°äËm$x$x$mi"uecoBql·½i!klcn~¿i"n¼}Ï¹j[sv|zv¹wB|kpÏÎj[i"¼cs"å¸®m$n}¾cx$Ñ$CÏºm$uec¼ffd¡1n~¹j[svnsv|>»mwEcx$m$ncÎi"n¼RÔÒm$nzvco
ÉBÃ"¢
×c
1:â§Ä¿Æ²áÎÅ
 ²
y¤r¾·ECÏÔ ¯vÕ«C¨G­²`voÚhicæ`°¯v¯vÕ²f
_ ª!b^¾ÚfBhÍfÚç»|jncoql®¿jÑÈs"ju,i"n~cRdÒnBi"x$²lmyi"n¼è¡wklmyuem$éi!klm$svn(svÑ®d¡1²nB~¹jsvnBsv|Òrtmj[~c|mklcoêL¹pffm$l¿jlki«
klm$svnEo§rµi"xklc~[¹Eop`°¯v¯²`vf
%
k
